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PREFACE. 

This ivork IS an attempt to meet the requirements 
of Matriculation and School Leaving Certificate can- 
didates, and covers the course in Physics prescribed 
for these two examinations. The description of all the 
experiments is concise and complete and mthe simplest 
language, and the method of recording the results in the 
Laboratory Note-book has been shown m detail The 
book, as its name implies, is thoroughly experimental 
in character, and by its use the pupil will gam first- 
hand information of simple physical truths by per- 
forming the experiments himself Necessary theory, 
mathematical or otherwise, either leading to the 
experiment m question, or important in itself, has 
also been systematically given The book can, there- 
fore, be used both as a class book and laboratory 
manual At the end of each chapter numerical 
examples of different types have been given, and 
difficult examples have been fully solved. The stu- 
dent is advised to work these examples as often as he 
can. In order that he may also know the extent of the 
reading expected of him, examination questions, 
selected from Allahabad Matriculation papers, have 
also been given at the end of each chapter All the 
diagrams have been drawn in outline so that the 
student may be able to draw neatly and quickly any 
of the diagrams when required to do so. Every effort^ 
has been made to make the book useful to the student, 
and it IS hoped that this work will form a sound in- 
troduction to the Intermediate course in Physics. 



(u) 

T ijti'g ^0 expioss my obligations to the friends 
who have' kindly helped me in this work I am 
obhgred.'-to Professors Bishambar Prasad Mathui, 
B A , M Sc , and Lalji Srivastav, M Sc , tor 
iiselul advice and criticism My warmast thanks aie 
due and respectfully tendered to the Rev Geo Cars- 
tairs, M A., B D , for reading the manuscript and 
lor valuable suggestions, and to the Rev W A 
Murdoch, M A , for kindly reading through the 
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CHAPTEK I. 


MECHANICS. 

TJnit of length. Two standards of lengtn are 
generally used, ( 1 ) the British Yard, ( 2 ) the 
Metre. 

The British Yard is the distance at 62°F between 
the centre marks in two gold plugs in a bronze bar, 
kept m the Standards iDepartment of the Board of 
Trade at Westminister 

12 inches — 1 foot 
S feet = 1 yard. 

1760 yuids = 1 mile 

The Foot is the unit of length employed in scien- 
tific investigations. 

The Metre is the length at 0° C. of a platinum 
bar made by Borda, and kept at Paris. 

10 millimetres = 1 centimetre. 

10 centimetres = 1 decimetre. 

10 decimetres = 1 metre 
10 metres = 1 decametre 
10 decametres = 1 hectometre. 

10 hectometres = 1 kilometre 
10 kilometres = 1 myriametre. 

1 00 centimetres = 1 metre 
1000 metres = 1 kilometre. 
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The Centimetre is the unit of length employed 
in scientific investigations 

The Metre vras originally intended to he the ten- 
millionth part of the distance between the North Pole 
and the Equator measured along the meridian of Pans 
but further investigation has shown that there was a 
slight error in the calculation The standard metre 
IS about an eighth of a millimetre shorter than it was 
meant to’he. 

The British yard has no scientific origin. 

The chief advantage of the metric system is 
that all the multiples and subraultiples of the unit; 
aie given by powers of ten. Jt is a decimal system 
and so reduction and calculation are much simplified. 

1 metre=l"'0936 yards = 39 *37 inches. 

1 centimetre =" 3937 inch. 

a .inch =2- 54 centimetres. 


EXPERIMENT No 1 To find the diameter ofj 
a sphere by means of a scale and two rectangu-^j 
lar blocks of wood with level faces. 

Place the scale flat on the table and place the 
blocks alongside the graduated edge of the scale 
Introduce the sphere between the blocks and slide them 
until the sphere is firmly held between the faces which 
stand at right angles to the scale Read the scale 
opposite the touching ends of the blocks The 
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di^erenoe Bet-wefen tlie readings gives the diameter of 
tlie sphere 



The diameter of a cylinder may be found in the 
same way 

Enter >our resiJta on the nght-hand page of your practical 
note hook tlvus — 


Date , 

t 

Expennrent. To find the .diameter of a sphere by means of a 
scale and two i octangular blocks of wood with level faces 

Apparatus r A scale, two rectangvdar blocks of wood with 
level faces, a sphere 

Observations, (l) Beading of the scale opposite the first 

touching face 2 cms 

(2) Reading of the scale opposite the second 
touching face 5 cms 

Kosult, The diameter of the sphere 3 cms. 
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SLIDING CALIPEES. 

This instrument consists of a straight bar ot 
steel on urhich is engraved a scale in millimetres. 
At right angles to this bar are tvro jarrs -with flat and 
parallel faces. One jaw is fixed at one extremity 



and the other jaw can slide along the bar. To the 
sliding jaw, a scale, called a vernier, is attached. 
The vernier scale is divided into 10 equal parts so 
that the ten divisions of the vernier are equal to nine 
divisions of the scale. There is an arrow-head at the 
zero division of the vernier, and when the jaws are 
in contact, the flat faces touch each other and the 
arrow-head coincides with the zero division of the 
scale Each division of the main scale is one milli- 
metre and therefore each division of the vernier is 
4- WITH, The difierence between one division of the 
scale and one division of the vernier is ^ mm. The 
instrument is therefore capable of measuring a length 
accurately to * 1 mm. 
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f For tho sake of clearness, the divisions on the 
main scale and the divisions on the Vernier are shown 
magnified m the diagram. 


EXPERIMENT No 2 To measure the diameter 
of a sphere by means of sliding calipers 

Introduce the sphere between the jaws of the 
calipers so that the sphere is just held firmly by tlie 
jaws. Read the scale. Suppose the arrow-head of the 
vernier lies between the sixth and the seventh dl^ ision 
of the scale Therefore the diameter of the sphere 
is more than six millimetres and less than seven 
millittietres. Now find out which division of the 
vernier most nearly coincides with a division of the 
mam scale. Suppose the second division of the 
termer coincides with a division of the scale., Then 
the distance between the arrow-head and the sixth 
division of tlie scale is the difference between two 
divisions of the scale, namely from 6 to 8, and 
two divisions of the vernier, and this is equal to 
2x-^ mm.= ’2 mm. Therefore the^ diameter of t]ie 
sphere is 6 * 2 mm. 

The diameter of a cylinder may be measured in 
the same way. 

Enter your results on the right-hand page of your practical 
note book thus — 

Date - ^ 
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Expsrimeiit To lOeasuro the diameter of a sphere by means 
of sbd\ug raUpors 

Apparatus Sliding cahpei s, a sphere 

Observations (1) AVhcn the jaMS arc in contact, the zero of 

the leinier coincides with the zero of 
llio scale 

(2) When the sphere is held by the jaws, the 
/eio of the vernier lies betiiveen the 
sixth and the seventh dinsion of the 
scale, and the second division of the 
aornier ooinoides with a dmsion of the 
scale 

Calculations The scale 18 divided into raillimetres 
10 ihvisions of the vernier = 9 divisions of the scale. 

,* 1 division of the vernier nini 

( 

. The difference between 1 dmsion of the scale and 1 division 
of the verniei is mm = '1 mm 

The diamotei =02 mm 

Result The diameter of the sphere = 6'2 mm-. 


EXPERIMENT No 3 To measure the diameter 
of a wire by means of a scale 

Cut from tlio wire a large number of phort pieces 
Let n be the numlier of pieces cut Place a scale flat 
on the table and place these pieces side by side on the 
fccale and see vvliat length ot the scale js just covered 
b\ thorn Let wbethenumbei of millimoties covered 
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ty the pieces. Divide the number of the milli- 
metres by the number of the pieces and the quotient 
gives the diameter of the wire The diameter of the 
wire is millimetres 


Enter your results on the nght-hand page of youi practical note 
hook thus — 


Date. 


Experiment To measure the diameter ot a tliin uiro by 
means of a scale 

Apparatus Wire, a scale, a pair of cutting pliei’s 
Observations (1) Isumbei of pieces cut = 50 


(2) Kumber of millimetres covered by 50 
pieces=20 


Result. The diameter of the wire = 25 mm ■* 


SCREW GAUGE. 

A screw gauge consists of a steel bracket through 
one end of which passes a block with a level face and 
through the other passes a screw One end of the 
screw IS just opposite to the block and is also level. 
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On the other end of tho screw is a cap by means of 
^hich the screv can be turned. The ciicumference 
ot the cap is divided into 100 equal parts One com- 
plete turn of the cap moves it forward or backward 
through one millimetre, a scale of millimetres being 
engraved on a stem below the cap Since one complete 
turn of the cap carries it through one millimetre, a 
turn of the cap through its one division will move 
it thiough one hundredth of a millimetre. The screw 
gauge IS theiefore capable of measuring a length to 
‘01 mm. The instrument is used for measuring the 
diameter of a thin wire. 

In the diagram the divisions on the cap are shown 
magnified. 


EXPERIMENT No 4 To measure the diameter 
of a thiu wire by means of a screw gauge. 

First test tlie zero leading This can be done by 
gently turning the cap till the jaws just touch each 
other and then taking the readmg. This is the zero 
reading or zero correction. Having detei mined the 
zero reading, hold the wire between the two jaws and 
turn the cap gently till the wire is just held by the 
jaws, taking care never to screw the instrument too 
hard. Take the readmg again Then add or subtract 
the zero reading as the case may be. The sum or the 

difteience of the two leadings gives the diametei of 
the wiic 
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Suppose that when the jaws just touch each other, 
the zero of the cap lies between the zero and the first 
divisions of the stem, and the second division of the 
cap comcides wuth the horizontal Lne on the stem. 
On comparing the stem scale vith a millimetre scale, 
it IS found that tlie stem scale is divided into milli- 
metres The cap is divided into IfiO equal parts One 
complete turn of the cap, i. e . & turn through its 100 
divisions carries it tlirough 1 mvi Therefore a turn 
through two divisions of the cap has moved it through 
* 02 mm. Therefore tlie zero reading is ’ 02 mm 

Again suppose that when the wire is just held by 
the jaws, the zero of the cap lies between tlie 7th and 
the 8th divisions of the stem and the third division of 
the cap coincides with the horizontal line on the stem. 
Therefore the reading when the wire is just held by 
the jail's is 7 03 vims. Therefore the diameter of the 
wire IS 7'03 — '02 = 7 01 vims. 

Euter TOur results on the riglit-hand page of your practical 
note book iliUb — 


Dale 

Experiment To me ism c tlic diameter of a tlmi wire by 
means of a screw' g*uigc 

Apparatus. Wire, a sciew-gauge 

Observations (i) When the jaws just toucli each otbei, tiie 

second dnibion of tbc cap coincides wiUt 
tbe hynzontid lint on the <,l( m 
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(2) WJion tlio jft'vvB jusb touch the ■wili 

zeio of tho’cap lies bet'ssoon the so\ineilns of 
and the eighth divisions of the stem, 
the third dmsion of the cap coincidom 
with tlie hoiizoiital line on the stem. 


Calculations. Comparing the scale on the stem with a milh- 
mctro scale, it is found that the stem scale is divided into millimetres. 


One complete turn of the cap canios it through 1 millimetie 


The turn of the cap through its one division caiiies it 
through 01 mm 


The zcio leading is 02 mm 

And tho reading when the jaws j..3t touch the wire is 7 03 mms 
Tho diameter of tho w lie is 7 03 - 02 = 7 01 mms. 


Result. Tho diameter of tho wnc = 7 01 mms 
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'Caliper-Compasses or graduated circular 
the Calipers 

This instrument consists of two curved pieces of 
steel jointed nearly at 
tlie middle so that the 
tliinner ends,calledjaws, 
can be opened or closed 
A curved scale in milli- 
metres IS engraved on 
one side of one thitker 
end, and a similar scale 
in inches and tenths of 
an incli is enojaved on 
its ojiposite side, the 
zero of each scale being 
in the centi e. The other 
thicker end has a verti- 
cal line engraved upon 
it on either side, so that 
when the jaws are in con- 
tact, the vertical line 
coincides with the zero 
of tlie scale on each side 
The instrument is used 
tor measuring the dimen- 
sions of curved bodies, 
especially the internal 
and tlie external diame- 
ters of hollow cylinders. 

Subdivisions ot a centimetre have not been shown 
in the diagram 




TABOUA T<fEY COAfPAXlOjY 

EXPERIMENT No 5 To measure the external 
diameter of a circular cylinder by means of 
Caliper-Compaases. 

Open tho jaws of the cnoular calipers so that the 
distance beWeen the jaws is a little less than tho 
diameter of the cylinder Gently force the cylinder 
between tlie ]a\\s so that tlie cylinder just passas be- 
tv, een tliera Read tlie scale. The reading gives the 
diamotei of tlie cylinder. 

Tlie diameter of a cylinder too large to fit into a 
pail of calipers may be found by means of a scale and 
two rectangular blocks of wood ( See Expeiimeiit 
No 1, page 3 ) 

Enter your results on tho right-hand page of your practical note 
book thus — 


Pate 

Expsrillieilt To measure the c\iornal diameter of a cylinder 
b\ moans ot Calipoi t’ompassos 

Observations (l)’ Reading when tho jausarom contact 0 mm 

(2) Heading ivlion tho cjlindor just passes 
thioiigh tho jaMS 24 mms 


Result Tin, diameter of tho ciluidor = 24 mms 
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EXPERIMENT No 6. To measure the internal 
diameter of a hollow cylinder hy means of 
Caliper-Compasses 

Prass the jaw? of the Caliper-compasses past each 
other so that the distance 
between the jaws is a 
little le«s tliaii the in- 
ternal diameter of the 
cylinder Place the 
jaws inside the cylinder 
and press the jaws till 
they touch the sides of 
the cvlinder Take the 

c 

reading Tlie reading 
gives the internal dia- 
meter of the cvlinder. 

Enter Tour results oa the 
right Imnd page of your prac- 
tical note book thus — 


Experiment. To measure 
the interna.1 diameter of a 
hollow c\linder h} means of 
Cahpci -compasses 

Apparatus Cahper-com- 
passcs, a hollow c\ hnder. 

Observations (1) Kead- 
ing when the jaws are lu con- 
tact 0 win 1 - c- 

Fig 5 

(2) Ueading when the jaws t< neb the sides of the cylinder 20 
Result The internal diameter of the c\ linder = 20 lums 
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EXPERIMENT No 7 To measure the circumr 
ference of a circle drawn on a paper ^ 

Make a line mark on the circumference of tlio circle. 
Take a fine threul Place one end of the thread at 
tlie maik and hold it tlieie with the nail of the left 
linnd thumb With tlio nglit hand stretch the tin end 
along a very shoit portion of the circumference and 
hold it down with the nail of the right-hand thumb. 
Now move the left-hand thumb close to the nght- 
liand thumb, and stretch tlie thread over another very 
short portion of tlie circumference Proceed m this 
way till tlie mark on the circumference is reached. 
Now stretcli the thread straight on the table and 
measure the length ot the thread ii'-ed with a scale. 
The length of the tliread gives the length of the 
ciicumference. 

The longtli of anv other curved line may be 
measured in tlie same way. 

Enter your losults on the right-hand page of your piactical note 
book tlius — 


Ell e 

Expenmetlt To measure tlic oiroumference of a circle draivn 
On a papei 

Apparatus. A flue thread, a circle drawn on a paper 
Observation The length of the thread used = 8 • 2 cow. 
Result, The ciroumferonce of the circle = 8 2' cms 
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EXPERIMENT No. 8, To measure the circum-| 
ference of a circular disc. 

Method I. Place a scale flat on the table. 
Make a fine mark on the circumference of the disc and 
place the disc vertically on the scale so that the mark 
on the circumference comcidas -svith the zero of the 
scale Poll the disc along the scale till the mark on 
the circumference again touches the scale. Take the 
reading of the scale at this point. Thus reading gives 
the length of the circumference of the disc. 

Method II. Wrap a narrow strip of thin paper 
tightly round the circumference of the disc so that 
the ends overlap a little. At a place where the two 
ends overlap, make & hole in the paper with a pin. 
Unroll the paper, stretch it straight on the table and 
measure the distance between the two holes with a 
scale. This distance gives the length of the circum- 
ference of the disc 

Enter youi resulta on the right-hand page of jour practical note 
took thus — 


Date. 

Experiment. To measure the ciicumference of a circular disc. 
Apparatus. A nanoNr stnp of thin paper, a disc, a scale, a pin. 
Observation. The distance between the pm holes =68 ems, 
KoSUlt. The ciivumferenco of the disc =68 cmi> 
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EXPERIMENT No 9 To find the ratio of the 
length of the circumference of a circle to the 
length of Its diameter, and to represent the re- 
lation by means of a graph. 

Take fiAe difecs of different diameters Wrap a 
imrroiv strip of tliin paper tightly round the circum- 
ference of one^disc so that the ends overlap a little 
At a place where tlie ti\ o ends overlap, make a hole ivith 
a pm. Unroll the strip, stretch it straight on the 
table and measure tlie distance between the pm holes. 
In this wa^’' measure the circumference of each disc. 

Then measure the diameter of each disc by means 
of a pair of calipers Divide the length of the cir- 
cumference by the length of tlife corresponding dia- 
meter, and tlie quotient in each^case gives the ratio. 
This ratio will be found to be ,S 1416 

On a sheet of ciuie paper mark two straight 
lines 0 X and 0 Y at iiglit-angles to each other, OX 
horizontal and OU vertical On (9 X mark off (9 i)/ 
to represent the lengtli of a diameter, and on 0 Y 
mark off 0 A to represent the length of the correspond- 
ing circumference Through ilf and N draw M P 
and N P parallel to 0 Y and 0 X respectively, inter- 
secting in P 0 M IS called the abscissa of the point 
P and Pilf 18 called its oidinate Thus a point Pis 
obtained whose abscissa represents the length of the 
diameter and whose ordinate represents the length of 
the corresponding circumference Thus, by giaduat- 
ing 0 X 111 diameter lengths and 0 Pm circumference 
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lengths, plot other points also. Unite these points by 



Fig 6 

a curve and the curve passing through these points 
IS the graph The graph in this case will be found 
to be a straight line passing through the origin 0. 
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Eater your results on the nght-liand page of your practical 
note hook thus — 

Date 

Experiment To find tlie latio of the length of the circum- 
ference of a ciicle to the length of its diametei, and to lepresont the 
relation by means of a graph 

Apparatus. 5 discs of diffcient diaraetois, a scale, astiip of 
thin pajier, squared papei 

Observations, calculations and results. 


Discs, 

Length 

of 

diameter 

Length 

of 

circumfei ence 

Batio 

Disc No 1 

2 cins 

6*3 eais 

3*15 

Disc No. 2 

2*5 eras 

7 * 8 ems 

3*14 

Disc No. 3 

3 eras. 

9*4 eras 

3*133 

Disc No 4 


11 ans. 

3*142 

Disc No. 5 


12*55 eras. 

S*137 


AREA AND VOLUME. 

The unit of a-rea or surface is the area of a 
square each side of which is one unit long 

In the Britisli system, the unit of area is the 
area of a square each side of which is one yard long 
and this unit of area is called a sq^uare yard 
144 square inches = 1 square foot. 

9 square feet = 1 square yard. 

4840 square yards = 1 acre 
640 acres = 1 square mile. 
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In the Erench or Metric system, the unit of area 
is the area of a square each side of "which is one metre 
long, and this unit of area is called a square metre 
or centiare The more generally adopted unit of 
area is the area of a square each side of ^Yhlch is 10 
metras long, and this unit of area is called an are. 
Eor scientific purposes the square centimetre is the 
recogfnised unit of area. 

10 centiares = 1 declare 
10 declares = 1 are 
10 are = 1 decare 
10 decar as = 1 hectare 
1 centiare = 10*764299 squaio feet 

The unit of volume is the volume of a cube each 
edge of which is one unit long 

In the British system, the unit of volume is the 
volume of a cube each edge of which ls one yard long. 
This unit of volume is called a cuhic yard. 

1728 cubic inches = 1 cubic foot 
27 cubic feet = 1 cubic yard 

In the Metric system, the unit of volume is the 
volume of a cube, each edge of which is one metre 
long Tins unit of volume is called a Store, and is 
the unit of the measures of solidity, and is used for 
measuring ivood etc. 

Tlie litre is the volume of a cube each edo-© of 

O 

which IS a decimetre The litre is the unit of the 
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measures of capacity, dry and liquid. A litre =1000 
cuLic centimetras For <^cieutific purposes -the CUhlC 
centimetre is the recognised unit of volume. 


10 millilitres = 1 centilitre 
10 centilitres = 1 decilitre 
10 decilitres = 1 litre 
10 litres = 1 decalitre 
10 decalitres = 1 hectolitre 
10 hectolitres = 1 kilolitre 
10 kilolitre = 1 mynalitre 


EXPERIMENT No 10 To find the a^rea, of a 
circle by means of squared paper and to check 
the result by means of the formula, area of a 
circle = -nr r-. 

With the point of intersection of any tiro thick 
lines on a curve paper as centre and irith any giveu 
radius, drair a quadrant of a circle. Count the num- 
ber of small squares each xivT f’q i^ich or sq. cm 
included in the boundary line, counting the square 
■which IS more than half as a full squaie and omitting 
that irhicli is less tlian half iMultiply the total 
number of squares by -j-i-iy, tlie product givc^. the area 
of tlie quadrant, and 4 times this area is the area of 
the circle 

Measure the radius of the circle irith a pair of 
dividers and a scale, and calculate the area by means 
of the foimula, area of a circle = irr^. 
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The area of any irregular figure irhich lias already 
been drawn on a 
squared paper or 
which can be tra- 
ced. on it may be 
found in the same 
way 

If the given fi- 
gure IS already 
drawn on a plain 
paper, and if it is 
not possible to tra- 
ce it on a squared 
paper, divide the Fig 7 

figure into a number of small equal squares by draw- 
ing tvo sefci ot parallel straight lines at rjglit angles 
to one another Count tlie number of small squares 
within the boundary line, counting the square irhicli 
IS more than lialf as a full square and omitting that 
Avhicli IS less than half Calculate the area of one of 
these squares and multiply this area by the total 
number of squares The product gives the area of 
the whole figure 

Ervtei youv results on the right-hand page of your practical note 
book thus — 



Date^ 

Experiment, To find the area of a circle by means of a 
squared paper and a pair of compasses, and to check the result by 
the formula, area = jt f 
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Apparatus A squared paper i uled in squares inch, a pair 
of compasses, a scale 

Observations. (1) Badms of the circle 2 5 inches 

(2) Number of small squares in the quadrant 
of the ciiolo = 491. 

Calculations. Area of a small square = square inch. 

.* Area of the quadrant — 491 = 4 91 square inches 

/, Area of the circle =4*91 x 4= 19 '64 square inches 

Area of the circle = n r- = 3 1416 x 6 25 = 19 635 sq , 
inches 

V 

Results. (1) Area of the circle found by means of squared 
papei = 19 64 square inches 
(2) CaloulaU* I area = 19 635 squaic inches 


EXPERIMENT No 11 To find the ratio of the 
length of the circumference of a circle to the 
length of its diameter hy means of squared 
paper and a pair of compasses. 

Witli the point of intersection of any t^vo thick 
lines on a curve paper as centre and -with a convenient 
radius, draw a quadrant of a circle Count the number 
of small squares each j-lji square inch or square 
cm included in the boundary line, counting the «quaie 
which IS more than hall as a full square and omitting 
lhat which is less than half Multiply the total 
numbei of squares by toTi* the product gives tlie area 
of the quadrant, and 4 times thife area gives the area 
of the circle 
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Divide tins area by the square of the radius of 
the circle and the quotient gives the required ratio. 
It will be found to be very nearly 3 ' 1416 

Entei yovu lesults on the nglit-lmnd pivge of yoiu puictical 
note book thus — 


Date 

Experiment To find the latio of the length of the cucumfei- 
ence of a cade to the length of its diaraetoi by means of a cuive 
papei and a pair of compasses 

Apparatus. A square papei divided into st^uaies -A mch, a 
pail of compasses 

Observations (l) Radius of the ciicle >=> 2 • 5 inches 

(2) Total numbei of squaies in the quadiaut 
«=491 

Calculations. Area of a small square = square inch. 

/. area of the quadi-aiit= 4 91 sq inches 
the aiea of the oiiole => 19 * 64 sq inches 
y" = 6-25 


area 



19*64 
6 25 


3*0424 


Result Tlie latio of the length of the circumference to the 
length of Its diameter is approvimately = 3 0424 
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Description BURETTE. 


A burette i'? a glass 

O 

tube graduated 
throughout most of its 
lengtli luto cubic centi- 
metres and tenths of a 
cubic ceutimetre Its 
lowei end is provided 
TTith a stop-cock, or 
■\vith a piece of india- 
rubber 

tube and ^ 

pinch- 

cock I)}'’ means of which 
the liquid m the bur- 
ette m ay be run off A 
burette reads down- 
wards and IS used for 
measuring out a small 
volume of aliquid 
accurately 

Method of using. 

Tlio burette is sup- 
ported in a vertical 
position and some 
liquid IS poured into it, 
and the graduation 
just opposite the lowest 
part ol tlie curved por- 
tion of the liquid is 
read, keeping the line 
ol siglit hoii/ontal 
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EXPERIMENT No. 12. To find the volume of 
a sphere by means of a burette, and to verify 
the formula, Volume of a sphere = 3 

Take a small beaker and make a fine horizontal 
mark on its outside with a file or stick on a piece 
of gummed paper Pill the burette with water to 
its zero mark Place the sphere in the beaker and 
run the water into the beaker till the level of the water 
IS ujD to the mark or up to the edge of the label Read 
the level of the water in the burette Remove tlie 
sphere and the water from the beaker Fill the 
burette a<^ain to its zero mark and run water from it 

O 

into the empty beaker till the level of the water stands 
at the same mark. Read the level of the water 111 
the burette The difference between the two readings 
IS the volume of the sphere The volume of any 
irregular solid may be found in the same Avay. 

Measure the diameter of the sphere by means 
of sliding calipers or by means of two blocks of Avood 
and a scale Then calculate the volume by applying 
the formula, volume of a sphere = rr AA’^here 
IT =3-1416. 

« 

Enter yoin results on the nght-hnnd page of youi practical note 
book thus — • 

Date 

Experiment. To find the %oluine of a sphere by means of a 
burette and to ^ cnfy tlio foi mula y = 7 

Apparatus. A buietto, a beaker Aiith a mnk on it, ■watoi, a 
sphere, sliding cahpeis 

Observations, (1) Heading of the burette after the water 

was ran off into the lieakei containing 
the sphoic, dO G G 


4 
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(2) Reading of tlie buietto aftei the -water 

■was run off mto the empty beakei, 54(7 G. 

(3) Dianictei of the siiheie = 3 cms 
Calcitlation. Volume of the spheio = 4 

X 3 1416 X 3 375 
= 14 1372 C C 

Results (1) Volume of the spheie found by means of a burette 
== 14(7 0 

(2) Calculated ^clume = 1 1 14 (7 (7 


GRADUATED CYLINDER. 

A graduated cylinder is a liollotv glass cylinder 
closed at the bottom and graduated in cubic 
centimetres It is graduated by running a 
knotvn volume of water successively from a 
burette It is ured for measuring a considerable 
volu me of a liquid and where the volume is only 
required to the nearest whole eubic centimetre 

EXPERIMENT No 13 To test the accu- 
racy of the graduation of a cylinder. 

Support a burette in a vertical position 
and fill it with water to its zero mark 
Place the cylinder under the tap of tlie burette 
and run from the burette 10 C C of water 
and read the surface of the water in the 
cylinder Again run 10 C C of water into 
the cylinder from the burette and take the 
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reading for tlie surface of the water m the cylinder 
Proceed in this way till the last graduation of the 
cylinder is reached 

Eiitei youi lesults on tlie uglit-bivnd page of your practical nolo 
book thus — ■ 

Date 


Experiment. To test the accuracy of the graduation of a 
cyhndei 

Apparatus. A buiette, -watei, a graduated cyhnder. 
Observations 


Volume of watei dehveied 
from tlie bin ctte 

Reading for the surface of 
watei in tlie cyhndei 

10 G C 

10 (7 (7 

10 a a 

20 G G 

10 (7, (7. 

30 G G 

10 a c. 

40 G G 

10 (7.(7 

J 

50.(7 G 

10 (7. (7. 

60 G G- 

10 (7(7. 

70 G G- 

1 

10 C C. 

80 C (7 

10 C'. (7. 

00 G G 

10 G a. 

100 C C 


Result The cjlmder is coirectly graduated 
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EXPERIMENT No 14. To find the volume of 
12 b solid lighter than water by means of a gra- 
duated cylinder 

Pill the cylinder with irater and read the level 
of the water Take a piece of copper so that tlie solid 
irheii fastened to it sinks in vater This piece of 
copper IS then called a sinker Pasten the solid to the 
piece of cojijier, tilt the cylinder a little, and gehtl}^ slide 
down the combination into the water Keep the C3din- 
der in a vertical position, and read the level of the 
water The difference between the two readings gives 
the volume of the combination Take the combina- 
tion out of the water, and read the surface of the water 
again Tilt the cylinder again, and gently slide doAvn 
the sinker alone into the water Now keep the cylin- 
der in a vertical position and read the surface of the 
water again The difference between the two readings 
gives the volume of the sinker The difference be- 
tween the two volumes gives the volume of the lighter 
solid 

Enter join results on the nght-linnd page of your practical note 
book thus — 


Pate 

Expenment To find the volume of a piece of 'vrax by means 
of a graduated cylinder 

Apparatus A graduated cylinder, watei, vax, a sinker 
Observations (1) Ileadingoftliocyhndei ^^hen thoioisivater 

only in it, 20 C C 
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. (2) Reading of the cylinder when the comhiua^ 

tion IS placed in the water, 28 C C 

(3) Reading of the cylinder wRen there is 
w'atei onl} in it, 20 (7 C 

(i) Reading of the c 3 ’-hndei when the sinker 
18 placed in the watei, 23 0. C 

Calculations. Volume of the comliination == & G G. 

Volume of the sinker G G 

Result. Volume of wax = 5 (7 (7, 

MASS, DENSITY AND WEIGHT. 

The mass of a body is the quantity of matter in 
it. Two standards of mass are generally used 

The British itnit of mass is the mass of a piece 
of platinum kept m the Standards Department of the 
Board of Trade at Westminister, and is called the 
Pound Avoirdupois. It contains 7000 grams. 

437 ■ 5 grains = 1 ounce. 

16 ounces = l pound. 

14 pounds = 1 stone. 

112 pounds = 1 hundred weight. 

20 hundred weight = 1 ton. 

TJie Metric unit of mass is the mass of a piece 
of platinum made Boida and kept at Pans, and is 
called the Kilogramme. 



30 


LABOBATOBY COMPANION 


10 milligraram&s = 1 centigiamme 
10 centigrammes = 1 decigramme 
10 decigrammes = 1 gramme 
1000 grammes = 1 kilogramme 

The Grramme is the unit of mass employed for 
scientific purposes 

The G-ramme was ongmall}’- intended to be the 
ma'JS of one cubic centimetre of distilled water at YC. 
The ma'JS of a cubic ceutimetie of distilled water at 
YC IS really 1*00013 gTamme, but for all practical 
purposes it is one gramme 

The British Pound lias no scientific origin. 

1 gram = 15 432349 grains 
1 gram = 0G479895 gram 

F P S and C G S Systems In the British 
scientific sysdem, the unit of length is the Foot, the 
unit of mass is the Pound, and‘the unit of time is the 
Second, and the system is called the BPS. system. 

* 

In the Metric system, the unit of length is the 
Centimetre, the unit of mass is the Gramme, and 
the unit of time is the Second, and tlie system is 
called the C G S system It is well adapted for 
scientific purposes 

The absolute density or simply the density of a 
homogeneous substance at any temperature is the mass 
of a unit volume of that substance at that tempera- 
ture The mass of a cubic foot of water is 62 321 lbs. 



MECTTANICS 


31 


therefore the density of irater is 62' 321 lbs per 
cubic foot Tiie mass of a cubic centimetre of ivater 
IS one gramme, therefore the densit}^ of n'ater is one 
gramme per cubic centimetre The mass of a cubic 
centimetre of copper is 8*95 grammes, therefore the 
density of copper is 8*95 grammes per cubic centi- 
metre T]ie absolute density depends upon the units 
of length and mass In F P S system the absolute 
density of water is expressed by the number 62*321 
while in C G S system it is expressed by the 
number 1 

If 2/ be the mass of a substance whose volume is 
F, and whose densit}'’ is p then^ since the mass of a 
unit volume is p, the mass of the volume V is Vp, 
therefore J/== T^p 

The weight of a liody is the force or pull with 
which the earth attracts tlie body to its centre The 
weight of a body is really measured by a spring 
balance, the earth’s attraction for the body stretching 
the sjiring attached to tlie body through a certain 
distance An ordinary balance i e , a pair of scales com- 
paras mas'-es only Two masses which are found to be 
equal when measured by an ordinary balance, will be 
found to be equal no matter where they are measured by 
the same kind of balance The weight of a body is exact- 
ly proportional to its mass If IT be the weight of a 
body whose mass is 31, and Wi be the weight of 

anothei body ivhose mass is J/i, then 


Tr M 


Wi 
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Principle of the balance. Take a scale divided 
into centimetres and suspend it at its middle point 
from a support TJie scale should rest horizontally 
If tlie scale be not horizontal, stick a piece of tin foil 
on one side till the scale is horizontal Take a known 
■weight from a box: of weights and suspend it at a dis- 



tance of 3 centimetres from the turning point ( ful- 
crum ) Suspend an eqnal weight on the other side 
and adjast its position on the scale till the scale i*? 
again horizontak The distances of the masses from 
the fulcrum will be found to bo the same on each side 
Komove these weights from the scale Hano- a iveight 
of 20 grams at a distance of 1 centiiiictre from the 
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fulcrum on one side and a weight of 5 grains at ^ 
distance of 4 cms from the fulcrum on the otlier side 

The scale^ffagaan be found to be horizon^. 

forejL^^racludei^lmt^he mass on one aide mul- 
••tipiied by its distance from the fulcrum is equal 
to the mass on the other side multiplied by its 
distance from the fulcrum V This is known as the 
principle of the Lever and is used in the construction 
of a balance The lever is a rigid bar which has one 
point fixed, about which the rest of the lever can turn. 
This fixed point is called the fulcrum 

The common balance (not a spring balance) is 
constructed on this principle The two arms are 
equal and they are horizontal when the weights in the 
scale pans are equal 

To show that a person will lose if he weighs 
out equal quantities of a substance alternately 
from each scale pan of a balance which has un- 
equal arms and the beam of which remains hori- 
zontal when the pans are unloaded. 

Let the left arm be 6 inches and tlie riofht arm 
be 5 inchas Suppo'^ the 
person wishes to weigh out 
lOibs from each pan Let 
the 10 lb weight be placed 
in the left pan and the subs- 
tance in the riglit pan 
While appearing to weigh 
1 0 lbs , lie actually weighs 

out a quantity x such that 

5 


10 


.V 


6 ] 5 


y 


10 
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X 5 = 10 X G 
.(,• = 12 , 

so ’ulnie appe^iriiig to weigli 10 lbs , he has actually 
weiglied 12 Ib'^ 

Na\v let the 10 1h \\'eight be placed in the right- 
hand pan and the substance in the left-hand pan, while 
appearing to weigli 10 lbs , he actually ireighs a quan- 
tity ,/ such tliat // X 6=5 X 10 

,’/ 0 ' 

therefore irhile appearing to weigh 20 His , he has 
actually iveighed 12 -1- 8^= 20^1bs tlieiefore he has 
lost i tb ^ ^ 

Description of a delicate balance 
A delicate balance consists of a beam of bias's 
supported at its middle hue by a knife edge of hard 
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steel which rests on two small steel plates fixed to the 
top of the pillar of the balance. At the extiemities of 
the beam 23ans are suspended from small stirrups which, 
rest on knife edfjes attached to tlie extremities of the 
beam. To the middle of the beam is attached a 
pointer the end of which moves over an ivory scale 
fi.xed to the bottom of the pillar. To the base of the 
board are attached levelling screws by means of which 
and the plummet the balance may be made level. 
There is an arrestment by means of which the beam 
can be raised or lowered. ! 

Precautions in weighing.^ ' 

( 1 ) See, by means of the plummet, that the 
balance is level If it is not level, make it so by 
means of the levelling scree's ' 

( 2 ) When the scale pans are empty, and when 
the beam is raised, see that the pointer coincides with 
the middle of the scale, or swings equally on either 
side. If not, adjust the balance by screwing out the 
screw-nut at tlie end of the beani on that side to which 
the pomter tends to move, 

( 3 ) Never touch the weights with the fi.ngers, 
but always move them with forceps. 

( 4 ) Place tlie body to be weighed on the left- 
hand pan, and the weights on the right-hand pan. 

( 5 ) While the beam i^ swinging, never touch 
the body, or the weights, the beam must always lie 
fixed before a weight is changed, 

o o 
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( 6 ) Whenever it is necessary to lower the beamj 
it should be lowered only when the pointer is passing 
over the middle of the scale, and not otherwise 

( 7 ) Tiy all the weights in the order in which 
they are arranged in the weight box, commencing 
with the largest 

( 8 ) In order to find out if a weight is too much 
or too little, raise the beam slowly, and the first motion 
of the pointer will give the required information 
Tlie beam should be entirely raised only when the 
equalitj’’ of the two loads in the two pans is nearly 
reached 

( 9 ) Move the eye with the pointer to read its 
position on the scale 

( 10 ) When the weighing is completed, lower the 
beam , and replace the weights in their proper places 
m the box 

i 

METHODS OF WEIOHING. 

(a) Method of oscillations or vibrations In 
a delicate balance, tlie pointer when once set in motion 
oscillates across the scale and will come to rest after 
some time In weighing by the method of oscillations, 
much time is saved and this method can easily be 
learned after a little practice, and it is to the advan- 
tage of the student if he makes himself familiar with 
this method as early as possible. The method is ex- 
plained in the next experiment. 
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EXPERIMENT No. 15. To find by the method 
of oscillations, the resting point when the pans 
of the balance are unloaded 

Let the figure represent the scale on which the 
pointer moves and reckon the diVLtions from the left 

and call them 1, 2, 3, 20. Raise the beam and 

tlie pointer will oscillate across the scale Observe 
three consecutive turning points, two to the left and 
one to the right. Take the mean of the two to the left 


i.llLlLijj I 1 1 1 i 1 1 1 I I 

1 2-4 507 8 It 10 11 J2 13 14 15 10 17 18 10 20 

and the mean of this and the one to the right. This 
gives the division at which the pointer will come to 
rest Suppose the two turning points to the left are 
4 and 6, the mean of which is 5, and the turning 
point to the rigjit is 15, therefore tlie mean of 5 and 
15 IS 10. Therefore the pointer will rest at the 10th 
division counting from the left, z e at the middle of 
ithe scale 


Enter your results on the right-hand page of your practical note 
book thus — 


Date 


Experiment. To find, by the method of oscillations, the resting 
point y hen the pans of tlie balance are unloaded. 


Apparatus A balapce 
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Observations 

(1) Turning points 

Left Eight Heating point 

Moan 5 I g 15 10 

(2) Turning points 

Left E,ight Besting point 

Mean 135 10 

Result The lesting point is at the 10th dmsion 


Sensitiveness or sensibility of a balance. 

When the balance is loaded or unloaded, a small 
addition of weight to the veiglit'^ m the pan ayiII 
move the pointer through a certain number of ^cale 
divisions The number of scale divisions moved 
tlirough by tlie pointer will depend, to some ex- 
tent. on the load in the pans The number of scale 
divisions mo\ed through by the pointer when a small 
v eight IS added to the weiglits in the pan is called 
the sensitiveness of the balance and is expressed by 
saying that the sensiti\ eness of a balance is so many 
milligrams per scale division for a given load. 


EXPERIMENT No 16 To determine, by tbe 
method of oscillations, the sensitiveness of a 
balance when the pans are unloaded. 

Fust determine the resting point when the pans 
are unloaded Suppose tlie resting point is at the 
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10th cliviMon -when the pans are unloaded Next 
place a weight of 10 milligrams m the right-hand 
pan and determine tlie resting point Supjiose the 
turning points to the left are 3 and 5 the mean of which 
IS 4 and suppose the turning point to the right is 11. 

4 + 11 

Therefore the resting point is — =75 The 

resting point when the pans were unloaded was 10. 
Therefore a weight of 10 milligrams has moved the 
pointer througli 2^ divisions, and therefore the sensi- 
tiveness of the balance is 4 milligrams per scale 
division 

Entoi yom results on the right-hand page of youi practical note 
book thus — 


Date 

Expenment. To find the sensiti\ eness of a balance v hen llie 
pans aie unloaded 

Apparatus A balance, -weights 

Observations (1) When the pans are unloaded 

Turning points 

Loft Right Resting point 

Mean 1S"> 10 ' 

(2) When a t,\ eight of iO milligrams is placed in the right-hand 
pan 

Tuining points 

Left Right Resting point. 



11 


7*5 
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Calculations 10 milligiams have moved the pointer through 
2 divisions 

4 milligrams wdl moie the pointer through 1 diiision 

Result The s^'iisitii eness of llie balance vhen the pans are 
unloaded is 4 miUigiams per scale diiisiou 


EXPERIMENT No 17 To find, by the method 
of oscillations, the weig-ht of a rupee in grams 

First find the resting point when the pans are 
unloaded Suppose the resting point is at the 10th 
division Having determined the resting point, lower 
tlie beam, and place a rupee in the left-hand pan. 
Place a weight of 20 grams in the right-hand pan 
Slightly raise tlie beam The first motion of the 
pointer towards the rupee shows that the 20 gram 
Aveight IS too much Lower the beam, remove the 
weight of 20 grams, and in its place put a weight of 
10 grams, and slightly raise the beam Suppose the 
successive steps in weighing are — 

20, too great 
10, too small 
10-1-2, too great 
10 -j- 1, too small 
10 -f- 1 -f- 5, too small 
lO-rl-l" 5-{-’2, too great 
10 -{-1-1- 5-1- 1-f- 05, too small 
10-1-1+ 5+ 1 +* 05 +■ 01 approximately 
correct 
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Now raise the beam fully and determine the rest- 
ing point Suppose the turning points to the left 
are 8 and 8 * 5 the mean of which is 8 * 25, and the turn- 
ing point to the right is 12. Therefore tlie resting 
point IS 10 ‘125 Therefore the weight of the rupee 
IS LI 66 grams very nearl}'' 

Enter youi results on the right-hand page of youi practical note 
book thus — 


Date 

Experiment To find, by the method of oscillations, the 
■weight of a rupee in grams 

Apparatus. A balance, weights, a rupee 

Observations. (1) When the pans aio unloaded. 

Turning points Resting point 

Left light 

3Iean 5 q 15 10 

I 

(2) When 11*66 grams aioj placed in the right-hand pan and 
the rupee m the loft hand pan 

Tuining points Resting point 

Left right * 

Mean 8 *251® g 12 10*125 

Result The weight of the given rupee is 11 ' 66 giams ncaily. 

{h) Method of double weighing or weighing 
by substitution. 

If a balance be not accurate, / e when the arms of 

a balance are of unequal length or the scale pans.of 
6 
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unequal Aveiglit, or, -where very great accuracy is 
required, even if the balance be accurate, the method 
nf double weighing is adopted This method is ex- 
plained below. 


Place the -object to he weighed in one scale-pan 
and in the other scale-pau place sand or any other 
niateiial sufficient to bringf the beam to a horizontal 
position and obtain the resting point. Next remove 
the obiect and in its place put known weights sufficient 
to obtain the same resting point The weight of the 


object IS equal to the weights an the pan. / 

V ^^^^istinction between mass and weight.^ 


' The mass of a body is the quantity of matter 
contained in the body and remains the same where- 
ever the bodj'- may be taken. The weight of a body 
IS the force or pull with which the earth attracts the 
body to its centre If tJie earth were a perfect sphere, 
all the points on its surface would be equidistant from 
the centre, and therefore the earth’s attraction for the 
body, i e , its u eight, would be the same at all points 
on its surface But as it is not a perfect sphere, the 
weight of a body is different at different points on its 
surface If a bodj’- be taken into the interior of the 
earth, a. q down a mine, its weight wiU decrease as 
some portion of the earth will attract it in the opposite 
direction If tlie body be earned further into the 
interior of the earth, its weight will go on decreasing 
till at the centre of tlie earth it will have no w'eight, 
because theie the body is attracted equally in all 
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directions by the difterent parts of the earrtli If tlie 
bod}’’ be taken up a mountain or higher still m a 
balloon, its weight will again decrease A bodj^: has 
its maximum weight at the surface of the earth If 
a piece of iron be weighed by means' of a delicate 
spring balance, its weight may be made to ajipear 
greater by holding a strong magnet below it, though 
its mass remains unaltered. In all this, “n eight” 
means the weight measured by a spring balance and 
not by a pair of scales which really measur&s the 
masses. 


ECTEKIMENT No. 18. To determine the den- 
sity of a liquid by weighing a known volume of 
the liquid. 

Take a small beaker and weigh it Fill a burette 
with the liquid and read the level of the liquid Run 
some liquid into the beaker from the burette and read 
the surface of the liquid again Let the volume of 
the liquid delivered into the beaker be F cubic centi- 
metres Weigh the beaker again, and let M grams 
be the mass of the liquid run into tlie beaker TJien 

M 

the dtensity of the- liquid —-y- grams per cubic 
centimetre. 

Enter your results on the nght-hand page of your practical 
note book lUus — 


Date 
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Experiment To determine the density of -water by means p f a '■ 
burette 

Apparatus A burette, -water, a beaker, a balance, weights 
Observations 

(1) Mass of the empty lioakor = 8 giams 

(2) Reading of the burette Imfoie running off tlio watei, 'I (7 (7 

(3) Rending of the burette af.ei running off the watci, 30 C (7 

(4) Mass of the hoakei witli water = 32 95 giains 

Calculations 

Volume of w’ater = 25 C C 

1 

!Mas 3 of -water = 24 95 gi-ams 


^ Mass 

Density = 

Volume 


24 95 
25 


995 


Result Density of water = * 995 giams poi cubic centimetre 


EXPERIMENT No 19. To find the density of 
a solid heavier than water 

Weigh the solid and let its mass be M grams 
Fill a graduated cylinder -with water and read the 
surface of the -water Tilt the cylinder a little and 
gently slide don n the solid into the water Keep the 
c^’Jiiader—wertiGal and again read the surface of the 
ater The difference between the two readings gives 
the volume of the solid ‘Let the volume of the solid 
be V cubic centimetres Then the densit}^ of the 

solid IS grams per cubic centimetre 
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Enter your resnlts on the right-hand page of your practical note 
book thus — ' 

Date — 

Experiment To find the density of h on nails ' 

Apparatus. A graduated cj lindei , watei, n on nails, a balance;, 
■weights- 

Observations. 

(1) Mass of lion nails = 80 85 giaras 

(2) Reading of the cjhnder bofoie dropping > 3 (7 (7 

in tlie nails . j 

(3) Reading of the cy lindei aftei diopping 1 SCO 

in the nails j 

Calculations. Volume of iron nails = 10*5 (7 (7. 

^ ^ Mass 80 85 ^ _ 

®™"*5' = vas5?=-Trv='’' 

Result. Density of iron nails=:7 ’ 7 grams per cubic centimetre. 


"iXPERIMENT No. 20. To find the density of 
sir solid lighter than water. 


Weigh the solid and let its mass be il/ grams, 
Pill a graduated cylinder \^’lth water and read tlie sur- 
face of the water. Take a pieee of eopper so that the 
solid when fastened to the copper sinks in water. 
Tilt the cvlinde r-Tulittle. and slowly slide down the 
combination into the water. Keep the cylinder in a 
T ertical position a nd read the surface 6f the water again, 
TJie dilference betiiveen the two readino-s ffives the 

O O 

Tolrtme of the combination. Take the combination 
ont of the water and take the reading of the snrface 
of tlie water Tilt tlie cylinder a l ittle and slide 
do\in the sinker aloneinto the water. Keep the 
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cylinder in a vertical po^iition and take the reading 
of the surface of the ivater. The difference hetn een 
the tno readings gives the volume of the sinker 
The difference bet-vveen the two volumes is the volume 
of the lighter solid. Let the volume of the lighter 
solid be V cubic centimetres Then the density 

the solid IS grams per cubic centimetre 

your results on the nglit-liand page of your piactical note 

took thus 


Date^i 

Expennient To find the density of cor k K 
Apparatus A giadunted ci finder, -water, a cork, a sinker 
Observations 

(1) Mass of the cork . = 1’ 08 grams 

(2) Reading of the cyhndei when there is f nf o n n 

only water in it J "" 

(3) Reading of the cylinder when the com- ) c n r* 

bination is placed in it j ^ 

(4) Ruadingof the cyhndei uhen theie is ) o ^ 

only water in it ) " 

(5) Reading of the cylinder wlien the 1 gj ^ q q 

sinker is placed in it , ) 

Calculations, Volume of the combination = 9 C G 

' Volume of the sinker = 5 C G 

Volume of the cork = 4 5 (7 


, Mass 1 ' 08 

••• = -TT 


24 


> Result Density of coik = 24 gram poi cubic centimetre 



MECHANICS II 

f 

Some important formulas and results. 

( I ) Cixciirafermee of a circle of radius ? = 2 u r 
{2) Area of a triangle the three sides of -which 
are a, h, c, = \fs {s- a) (6 - [s-e.) 

where s = r 

( 3 ) Area of a circle of radius r — fr 

( 4 ) Y olume of a right circular cyliutler of 
radius r and height h = 7i 

( 5 ) Volume of a sphere of radius r = -jiTr® 

( 6 ) 1T = 3*1416- 
(7)^ = *3183. 

( 8 ) ii2 = 9*8696. 

(9 ) ^/2 = 1*4142. 

( 10 ) x/'S = 1*7321. 

( 11 ) n/5 = 2*2361. 

(12) ->^2 = 1*2599. 

( 13 ) -^^3 = 1*4422 

(14) ^4 = 1*5874. 

(15) ^5 = 1*71 
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EXAMPLES ON CHAPTER I. 

( 1 ) A rectangular plate of copper measures 
2X3X4 cms , and weighs 143 2 grams Find its 
density ( Ans 8 95 grams per C C ) 

(2) A sphere of silver of density 10 '5 grams 
per C C waiglis 148*4 tOo grams Calculate the dia- 
meter of the sphere (Ans 3 cms ) 

( 3 ) An irregular piece of gold of density 19 3 
grams per C C weighs 239 32 grams Calculate the 
volume of the solid ( Ans 12*4 C C ) 

( 4 ) An aluminium wire 50 metres long weighs 
106 029 grams Calculate the diameter of the wire, 
the density of aluminium being 2 7 grams per C C 
( Ans 1 mm ) / 

( 5 ) The density of mercury is 13 6 grams per 
C C Find the density m pounds per cubic foot, 
being given that 1 ft) =453 59 grams, and 1 foot= 
30 48 cms (Ans 849 Tbs per cubic foot nearly ) 

* ^ 

\ ( 6 ) A false balance with unequal arms rests 

with the beam horizontal when unloaded, A body 
when hung at the end of the shorter arm appears to 
weigh P grams, and when hung at the end of the 
longer arm appears to balance Q grams. Show that 
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the true weight W of the body is given by 


TT = H U grams 

^ Solution. 

Let rr be length of tlie 
shorter arm and h that of 
the longer arm 


.( 1 ) 

.(• 2 ) 


P 


If 


u w 


or Tr-=pa . 
/. W=-Jp. U j 


a 


w 


then 

irx a=PXb 

and 
Q X 

I)ividiug(l)by ('2) we have Q 


a 


P 


I 

TT 


Another method of findino- the true weight of a 

o o 

body, namely, by tlio method of double weighing, has 
alieady been indicated in the text. 
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QUESTIONS ON CHAPTER I. 

(Selected f)om AllaJiahad Unnci'-itij MatnculaUon 

Pape) ) 

1 What IS the standard of length on the metric 
system ^ Name its multiple and sub-multijile 
divisions, and state the princij^le on •which the system 
IS based. What are its advantages ? ( 1908 ) 

2, Indicate any method oi finding the diameter 
ofaspliere ( 1909 ) 

3, Howvouldyou measure the diameter of a 

cylinder too larffo to fit into a pair of calipers ^ 
(1912)5;^^^ ^ / r 

4, How would you measure the diameter of a 

very thin V ire ^ (1911) ^ W 

5 Hoy vould you measure the internal dia- 
meter of a liollov cylinder ( 1910 ) O ^ ^ , (' 

0. How would you measuie tlie area of an 
irregular figure drawn on a sheet of paper ? ( 1911 ) 

^ < il> / (" / 

7 Wliat IS the ratio of the circumference of a 
circle to its radius '2 How could you determine this 
icitio by the aid of a squared millimetre paper and 
a pair of compasses t ( 1914 ) 

S Hov vould you find out the volume of a 
given irregular solid of unknown density ? ( f 91 3 ) 



MEOBAKICS 


51 


9. DistinguiPh between the mass and the weight 
of a body How do these vary as yon pass from tlie 
earth to the monn Describe an experiment to 
illustrate that the weight of a ])i)dy may be made to 
appear greater than it actually is, the mass remaining 
unaltered. ( 1915, 1908 ) C y ’ ^ 


10 Describe the principle of the lever, and 
show how it hxs been utilised in the construction of a 
balance./ Explain Avh}^ by means of a crowbar and a 
block of wood a Avorkman is able to move a heavy 


log ( 1908 ) 


v 


^ ■Q' 


sc 


■f 


11. A bod}’’ placed in one scale-pan of a false 
balance appears to weigli 10 lbs , and when placed in 
the other it iveighs 12*1 lbs If the longer arm of 
the balance be 11 inches in length, find thelengtfi of 
the shorter arm, and the true iveight of the body 
( 1908 ) 


n 

'i - 


12. What is meant by the word density? How 
would you measure the density of a liquid ? ( 1910 ) 

How would you measure the density of Avater ? 
(1912) 


13. Hoav would you determine the density of a 

given piece of non ? ( 1914 ), / 

\/ 





CHAPTER JL 


HYDROSTATICS. 


'^Relative density. Tlie relative density of a 
substance is the ratio of the absolute density oftho 
substance to the absolute density of a standard subs- 
tance If <r be the relative density of a substance, and 
p its absolute dcn'^ity, and Pi the absolute density of 

the standard substance, then a- ~ ^ 

’ Pi 

Water at is the standard substance for solids 
and liquids 

Since 0- = = — the relative density I 

Pi fii' 

of a substance is the ratio of the mass of the substance j 
to the mass of an equal volume of rvater. 

Since masses are measured by weighing them, 
the relative density of a substance may be defined as 
the ratio of the ireight of the substance to the rveight 
of an equal volume of water The relative density m 

Whenever relative density or Sjrecific gravity is 
mentioned without stating the standard substance, it 
IS to bo understood that the standard substance is 
water. 


this case IS called the specific cpravit 

.1 1^ I HI. I O— i -- W- ^ 
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"Distinction iDetween absolute density and 
relative density. — The absolute density of a subs- 
tance IS its mass per unit volume and so it depends upon 
the units of length and mass chosen- By choosing 
various units of length and mass, the- absolute density 
of the same substance may be expressed by different 
numbers When the foot is the unit of length and 
the pound is the unit of mass, the absolute density of 
■water is expressed by the number 62*321 When 
the centimetre is tlie unit of length and tlie gram 
IS the unit of mass, the absolute density of water is 
expressed by the number 1. 

The relative density of a substance is the ratio 
of the absolute density of the substance to the absolute 
density of water. Whatever may be the units of 
length and mass chosen, they are involved both in 
the numerator and the denominator, and so the re- 
lative density does not depend upon the units of 
length and mass. 

Since in C G S system the absolute density of 
water is 1, therefore m that system, the absolute 
density and the relative density are expressed by the 
same number. 

The absolute density, being the mass per unit 
volume, is always expressed as so many pounds per 
cubic foot, or so many grams per cubic centimetre, 
while the relative density, being a mere ratio, is ex- 
pressed by an abstract number. 
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Distinction "between relative density and 
Specific gravity The relaii\e density of a f^ubs- 
tance isi the ratio of the mass of the substance to the 
mass of an equal volume of water, vhile its specific 
gravity is the the ratio of the weight of the subs- 
tance to the weight of an equal volume of watei 
Since the ivoight of a body is evactly proportional to 
its mass the specific gravity of a substance does not 
differ from its relative densit}" 

Caution. The terms ‘density’ and ‘relative 
density’ representing two veiy distinct ideas should 
not be used synonjnnously but must be used strictly 
ill the senses above defined 


EXPERIMENT No 21. To find the specific 
gravity of a liquid by means of a specific gravity 
bottle 

Weigli tlie empty bottle, let its weight be IF Pill 
the bottle witli water, put in the stopper, taking care 
that no air bubbles are left in tlie vater and iveiorh 

O 

it agam Let the weiglit of the bottle full of water 
be TFl, Remove all the water from the bottle, dry 
it, fill it with the given liquid, jiut in the stopper and 
M eigli it again Let the weight of the bottle full of 
the liquid be ITS, 

.*. weight of the liquid = IFo — W 
and weight of the water = JFj - IF 

IF. - IF 

TI’j - IF. 


specific gravity 
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Therefore tlie .specific gravit 3 ^ of the liquid is 
determined. 

Enter youi results on the nght-hand page of your practical note 
hook thus — 

Date 

Experiment. ir!Q..iloter mine.4lie. s pecific graTity-w>£.alcohoLl3y / 
m ean^f a specific gra\'it\ hnttle. 

Apparatus. A balance, -weights, -water, alcohol, a specific 
gra\i(% bottle 

Obsfxvations. 

(1) AV eight of the empty bottle = 14 grams. 

(2) Weight of the bottle full of -water = 39 gi-aras 

(1) AVeight of the Ixittle full of alcohol = 34 giams 

Calculations 

Weight of water filling tlie bottle = 25 grams. 

AV eight of alcohol filling the bottle = 20 gi ams. 

20 

Hcsult Specific grai itj of olcoliol = ^ = * S. 


EXPERIMENT No. 22 To find the specific 
gravity of a solid insoluble in water by means 
of a specific gravity bottle. 

Break the ‘'Olid into pieces ^-mall enough to go 
into the hottlc Weigh tliese pieces and let their 
tveiglit ho ir 

Bill tlie liottle with ivater. put m tlie i'topper and 
weigli it Let tlie weight of tlie hottlc wlien full of 
water only he IT 1 Open tlie Little, put all the 
pieces of tlie solid into it, (some water im11 overflow ) 
replace the stopper and weigh it again. Let the 
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Meiglit of the buttle full of the solid and the ^\atG^ 
ho Tr_> If A\o .sujiposc ,t to Ix) the a\ eight of thci\ater 
which OA eifloA\ed, then, 

, 4 - ir, = ir+iiv 

1, = ii'-f If, - jn, 

j 

the weight of the A\atei displaced is IF-l-TFj - IF,. 

spccilic gravity = j pq: - jp — -p-- 

Thcicfoio the specific gvavity of the ‘'olid is 
dctci iimied 

By this method the specific giavity of a jioious 
solid c y , chalk may ho dctciminc-d ' ' ' 

Junior joiir results uii Uu nghfc-lmiul page of }<mr i»raotit il note 
bofili. thus — 

Diilo 

fixpennient. To fmd the specific gumlv cf had bills, bj 
moans ot a sppoific gm\ it} buttle 

Apparatus A balance, v eights, a spnciiic giavit} bottle, 
wut6r, load balls 

Observations 

(1) "Weiglit of load balls =11 T grams 

(2) Tl eiglit of bottle full of watei onh =3^ gnims 

(3) \\ eight of bottle full of load balls and ii ator = 49 3 

grains 

Calculations 

Let X be the avcight of water oa erfloAved 
c + 49 3 = 11 3 + 39 = 50 3 

r = 1 

AVcight of water oAcrilowed = 1 gram 

1 "I • O 

Result. Specific giavity of load = — = 11 *3 
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EXPERIMENT No. 23. To find the specific 
gravity of a solid soluble in water by means of 
a specific gravity bottle. 

Break the solid into pieces small enough to go 
into the bottle. Weigh tliese pieces, and let their 
weight be IK Fill the bottle with any liquid in 
which the solid is insoluble, ( in the case oCsalt or 
sugar, al p.nhn l is-n...sm,trfih]e..linujd,) put in the stopper, 
and weiofh it Let tlie weiorht of the bottle, when 

O O' 

full of this liquid only, be Wj Open the bottle, put 
all the pieces of the solid into it ( some liquid will 
o verflow 1. insert the stopper and weigh it again. 
Let the weigrlit of the bottle full of the solid and the 

O 

liquid be UK, If we suppose X to lie the weiglit of 
the liquid which overflowed, then 

x-j- ]}K = 1F+ jfK, 

x= w-h iFi-ir, 

the weight of the liquid displaced is TF+TFi - IKj, 
specific gravity 

weight of tlie solid 

weight of an equal volume of water 

weight of the solid 

weight of an equal volume of tlie liquid 

weight of an equal volume of the liquid 
weight of an equal volume of water 

_ IF 

Ijr _ pr .X®"} u here cr is the specific gravity 
of the liquid. 
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Therefor'e the specific gravity of the solid is 
deter minecL 

N B — ’In the case of sodium or potassium, kero* 
Bine oil IS usecL ('C' -"^7 ' ^ 

Entei youf lesulbs on the iight-hand page of your practical note 
book thus — 


Date 

Experiment. To find the specific gravity of sugar by means 
of a specific giaiity bottle 

Apparatus. A balance-, weights, a specific giavity bottle, 
alcohol, and sugar 

Observations. 

(1) AVoight of sugar 
^2) "Weight of bottle full of alcohol 
(3) Weight of bottle full of sugar and alcohol 

Calculations 

Xtct 3 be the v eight of alcohol overflowed 

-1/ + 37 6 + 34 ■= 40 

= 40 — 37 -= 3 

weight of alcohol overflowed *=« 3 grams 
density of sugai relative to alcohol '=^ j ■=» 2, 
and Ginoo the relative density of alcohol is ' 8, 

density of sugai lelative to vvatei = 2 x 8 = 16. 

Result Spooific giavity of sugai = 16. 


!»= 6 grams 
= 34 grams 
■== 37 giama 
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Archimedes’ Principle. A bodj- ’^sdiolly mi- 
’ merfeed lu a liquid loses a part of its weigiit equal to 
the weight of the liquid displaced If If be the 
weight of a body in air, and ]Fi be its weight in a 
liquid, then, by Archimedes’ princqile, the weight of 
‘ an equal volume of the liquid, that is, the we ight oi 
•Uiejiquid displaced by the body is equal to Tl^- 11 j - 

Proofof Archimedes’ principle. The Principle 
of Archimedes may be proved by the following expe- 
riment. 


Take two cylinders — the one a hollow cylinder 



Fik 12 

and the other a solid cylinder whicli exactly fits into 
the hollow cylinder. Suspend the hollow cylinder 
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from the shorter pan of a h vdrostaticL -baJauca, and 
nnderneath suspend the solid cylinder by means of a 
thiead Place sufficient weiglits in the other pan to 
bring the beam to a horizontal position. Place under 
the cylinders a beaker of water, and raise that beaker 
so that the solid cylinder is completely immersed in 
the water. The solid cylinder will lose weight and tlie 
beam of the balance will be inclined. Carefully fill 
the hollow cjdinder with water by means of a pipette 
and Avhen it is quite full, the beam will again be hori- 
zontal This shows that the loss of 'weight^is eq ual 
to a mass of \Yator whoso volume is equal the 
volume of the solid C3din^ler which is immersed^ 

^ ^ ^'^ / / 

EXPERIMENT No 24 To find the specific 
gravity of a solid heavier than water and in- 
soluble in it by the principle of Archimedes 


Wemh the solid in air Let its wemht in air be TC 

iy o 

Wei oh tlie ‘«olid in water. Let its weight i n water be TTi . 

O O 

The weight of the water displaced = IT- JFi. 

IF 

Specific gravity of the solid = — -yp — 

Therefore the specific gravity of the solid is 
determined. 


Enter join results on tbe iigbt-luvnd page of youi pi’aetical note 
book thus — 


pate 


Experiment To find the spceific graMt} of ooppei by the 
pnnciple of Aicbimodos. 
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Apparatus A hj di ostuhc balance, Treighls, a piece of copper, 
a beakf r containing Matei, a ]>ieto of thread 

ObservatiODS (1) IVeight of copper m air= 17 * 8 grams. 

(2) "W eight of copper in water = 1 5 ' 8 grams. 

Calculation 'TTeight of water displaced by copper = 2 grams. 
EesUlt Specific gravity of copper = — =8*9. 


EXPERBIENT No 25 To find tlie specific 
gravity of a solid soluble in water by the 
principle of Archimedes. 


Weigh the solid in air, let its -weight be TV, 
Weigh the solid m a liquid in whicli it is insoluble 
( for example salt m alcohol ), and let its weight 
in the liquid be IFi . 

/. Weight of the liquid displaced= TT— JFi. 
Specific gravity of the solid 

Weight of the solid in air 

Weight ot an equal volume of water 

_ Weight of the solid in air 

Weight of an equal volume of the liquid 

^ Weight of an equal volume of the liquid 
Weight ot an equal volume of water 



X O', where g- is the 


specific gravity of the 


liquid 


Therefore the specific gravity of the .solid is 
determined. 
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Ent<*r ^ 0111 1 obults on tihe i iglit-lumd page of 'y out pi ootioil note 
book thus — 


Date 

/ 

Experinieilt To find the specific grant} of look salt by the 
principle of Archimedes 

Apparatus A h}diostatio balance, -weights, a piece of s<ilt, 
alcohol, a piece of tliroiwl 

Observations (1) Weight of salt m uir =12 glams 

(2) Weight of salt in alcohol = 7 gianis 

Calculations Weight of alcohol displaced by salt = 5 giams, 

, Density of salt lohitiie to dcoliol 2 1 

Since the density of alcohol lolatno to iiatei is 8, 

. Densit} of salt lolatiie to Matei = 2 4x 8 = 1 92 

Result Specific gi-avity of salt = 1 93 


EXPERIMENT No 26 To find the specific 
gravity of an insoluble solid lighter than water 
by the principle of Archimedes 

Weigh the solid in air Let its weight in air 
be TF Weigli a sinker in Avater Let the -lA^eight of 
the Sinker in Avater be ll'j 

Weigh the solid and thesmkex combined in water, 
and let the Aveight of combination in Avater be TF^g. 
If Ave suppose W to bo the Ai'eiglit of the sinker in air, 
then 1F+ X IS the AVeiglit of the combination m air, 
and IFj is the Aveight of the combination in Avater ; 
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•, TT+X- ir2 the weight of the water dis- 
placed by the combination 

And X- ]I"i is the weight of water displaced by 
the sinker alone. 


Therefore( Tr+X-Tr2)-(X-]rj)= Tr+TT"i 
— the weight of water di-^placed by the solid 

Specific gravity of the solid = jjJ _ 

Therefore the specific gravity of the solid is 
determined. 

Enter your results on the right-hand page of your practical note 
book thus — 


Date 

Experiment To find the specific gravity of bees vrax by 
Archimedes’ prmciple 

Apparatus. A hydrostatic balance, ’(veights, a beaker contain- 
ing "vrater, svax a piece of thread. 

Observations (1) Weight of svav m air =48 grams. 

(2) Weight of sinker in water = lo -8 grams. 

(3) Weight of sinker and u ax together in water 

= 15 6 grams. 


Calculations 

Suppose £c to be the weight of the sinker in air 
X— 4 8 IS the weight of the combination in air, 
and 15 6 is the weight of the combination in water, 

•*. x-i-4 8 — 15 6 = x — 10 8 i-s the weight of water dis- 
placed by the combination 
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Ami X — 15 8 IS tlie woiglit of watei displaced by tbo sinker 
alone 

. The M oigbt of tbo water displaood by the \\ ax = ( a, — 10 8 ) 
-(as - 15 8) = 5 glams 


Specific ginnty of Max = 


4 8 
5 


96 


Result. Specific gravity of m ax = * 96 


f 


EXPERIMENT No 27. To find the specific gra- 
vity of a liquid hy the Principle of Archimedes. 


Take a solid tvhich is insoluble in the given liqiilii 
and neigh it m air, let its weight in air he W 
Weigh the solid in water and let its weiglit m water 
be IFi Weigh the solid in the given liquid and let 
its weight in the given liquid be TFo 

weight of the water displaced hy the 

solid = TF- TFi, 

and weight of the liquid displaced hy 

the solid = TF— TFg 
TF- W„ 

Specific gravity of the liquid = jy-_ 

Therefore the specific gravity of the liquid is 
determined. 


Enter your results on the right-hand page of your practical 
note book thus — 

Date 

Expenuient To find the specific gravity of Kerosino oil by 
the principle of Archimedes 

Apparatus A Hydrostatic balance, v eighty kerosme oil, 
water, a piece of thiead, a piece of copper 
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Observations 

(1) Weight of copper m air = 17 ’8 grams 

(2) Weight of coppei in A\ater = 15 ' S grams 

(3) Weight of copper in kerosinc oil = 16 * 12 grama 

Calculations 

Weight of water displaced bj copper = 2 grams 

Weight of keiobine oil displaced by copper = 1 68 grams. 

1 * 68 

Result Specific gra\T.tj of kcroame oil = — - — = 84 


y B — In the case of sulphunt acid, a piece of platinum, or 
glass IS employed 



^xj.oIPERIMENT No. 28 To compare the densi- \ 
ties of two liquids, which do not mix, by a U-tube. 




Mount a U-tube, having a uniform bore, verti' 
cally on a stand Pour in tlie 


CO 


D 


o 

“n 

-i 

cz 

■XI 

m 


m 


Common 


Surface 


Fis 13 


fC:>, 


m 

X) 


U 

t 

to 

CD 


(O. 

denser of the two liquids first. Q r-^H 
Then pour the lighter liquid 
through one of the legs. The 
surface where the two liquids oo 
meet is called the common sur- 
face. Let L be the area of tlie v 
cross section of the tube Let 
ABh& the column of the denser 
liquid above the level of the 
common surface, and let C D 
he the column of tlie lighter 
liquid above the common sur- 
face Let h aud be the heights of the columns AB 
and CD Let TP and TT^j be the weights of the liquids 
in the columns AB and CD^ M and their masses, 



B 
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V and Fi their voluna©^ and let p and Pi be t]ie abso 
lute densities of the liquids. Let Pbe the pressure of 
tlie ail Since tlie common siuface is stationary, the 
Tveiglit of the liquid in column AB B — the ueiglit 
of the liquid in column CJJ + 71 IF-j- P = IFj + P> 
oi TF= IFi , but tlie weights of bodies are exactly 
proportional to their masses, 

.■ M ^ d/q 

but .1/= F/g and 1/j = T’, pj, 
und V — liL and F, = //j L 
M — hp fj, and ~ hx Pi B- 
Ihip Tv--— /tj yl j 7^ 

. hp = Ai Pi, 



That IS, the densities of tlie tivo liquids are inver- 
sely proportional to their heights above the common 
surface 

Entoi 5 Our results on the nglit-haud page of your praotical 
note book thus — 

Date 

Expenment To compare the densities of oil of turpentine 
and water bj means of a TJ tube 

Apparatus A \U-tube, water, oil of turpentine, a scale 

Observations 

>(1) Height of the water -column abo\e the level Of the com- 
mon surface = 29 ni»n 

v(2) Height of the oil column above the common surface 
= 33 mm 

Eesult Density of turpentine od lelntive to water 
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EXPKRIMENT No. 29. To compare the densities 
of two liq^uids which mix. by means of a U-tube. 

Mount a long U-tube. liaving a uniform bore, 
vertically on a stand. Intro- 
duce some mercury into the- 
tube, and read the level of 
the mercury, if the tube be- 
ofraduatecL If the tube be 
not graduated, paste a narrow 
strip of paper round one limb,, 
so that the edge of tlie paper 
IS exactly on the same level 
with the surface of tlie mer- 
cury Into one limb pour 
the lighter of the two liquids, 
but not so much as to drive 
the mercury out of the 
bend Tlien pour the denser 
liquid into the other limb, till the mercury returns 
to its original level ^Measure the heights of 
the columns of the two liquids above the surface of 
tlie mercur}'. Call the column of the lighter liquid A. 
and that of the denser liquid B Let 7i and be 
their heights ^TTand-TTj- their -weights, 1/ and I/j 
their masses. Land T"j their volumes, and let p and p^ 
be the densities of the two liquids Let L be the aiea 
of the cross-section of the tube Since the mer- 
cury stands at the same height in the two tubes, 
the pressures on the surfaces of mercury in the two 
columns must be equal. 
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The pressure on the surface of the mercury m 
one tube is TF+ P, where Pis the pressure of the air, 
and that in the other tube is ITi + P. 

WA-P= H'"i-hP. 

W = Tf j 

But weights of bodies are exactly proportional to - 
their masses, 

• M = Mj 

V p = Kj Pj 

but V — L h, and I"j = L Ti\ 

• • Ij li p L Ji I p \j 
or h p = A, /),, 

. _£ 

•* />! " h 

That IS, tlie densities of the two liquids are 
inverselj’’ proportional to their heights above the 
suiface of the mercury 

Eater >our results on the nglit-hancl page of your practical note 
book thus — 

Date 

Expariment To co mpare the densities of water and^a^given 
Bo lution of salt b y mei ns of a U tu be. 

Apparatus A U-tubo, water, salt solution, mei our^ , and a scale 

Obseivations. (l) Height of water column aboie the surface 
of mercury = 33 mm 

(2) Height of the solution column above the 
surface cf meicur} = 22 mm 

Eesult. Density of the salt solution relative to water = 


11 
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Take a glas'^ tube closed at one end about 84 


centimetres long, and 1‘5 
' centimetres in diameter. 
Fill it completely i^ith 
mercury, and clo«e t li e 
open end with the thumb. 
Invert the tube, place the 
open end in mercury in a 
vessel, and remove the 
thumb The tube being 
vertical, the column of the 
mercury sinks, and stands 
at a height of about 76 
centimetres from the sur- 
face of the mercury in the 
basin, leaving a vacuum 
at the upper end This 
vacuum is called 
cfellfs vacuum, because 
tins experiment was first 

tried bv Torricelli in 1643. 
%/ 

There is no air in contact 



Fig 15 


Avith the surface of the mercury in the tube, and there- 
fore tliere is no pressure on it But the air presses the 
meieury in the basin, and this pressure supports the 
column of the mercury in the tube If the pre-sure 
of the air increases, the column is forced up , if it 
decreases, the column descends The pressure of the 
air can, therefore, be measured by the height of the 
column of the mercury m the tube. 
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A barometer is an instrnment for nxectsnring 
the pressure of the atmosphere. 

The commonest kind of barometer 
consists of a straight glass tube 
closed at one end, about 84 centi- 
metres Ions: and 1 5 centimetres in 

O 

diameter, filled witli mercury and tyg — | 
dipping into mercurj’^ contained in 
a cistern Tins tube is enclosed in 
a brass tube on ivhicli is engraved a 
scale in millimetres, the zero of the lyg. 
scale coincidinof with the surface of 


— 20 


15 


10 


dh— 5 


the mercury in tlie cistern. The 
scale is graduated between G8 and 
84 centimeties, because the pressure 
of the atmosphere is never outside 
these limits. A vernier, capable of 
sliding along the scale, is also 
attached to the tube 20 divisions 7G" 
of the vernier are equal to 19 divi- 
sions of the scale One division of 
the scale is one millimetre, and 
therefore one division of the vernier 
IS of a millimetre T]ie difier- 
ence, therefore, betiveen one division 
of the scale and one division of the 
vernier is A ‘>nm = * 05 mm Theie- 
foie the height of the barometer 
can be measured accurately to 05 
mjn For the sake of clearness, the divisions on the 
main scale and the vernier are shown magnified 
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Fig 16 
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If a barometer be earned up a mountain, the 

column of mercurv must descend, because some of the 

«/ 

air. which formerly supported it, is left below. 

The barometer is fixed in a vertical po'^ition. and 
the vernier 1 ^= moved till the zero of the vernier is on 
a le\el with the common surface ot tlie meicury 
column, a reading is then taken, keeping the line of 
sioflit horizontal. 

O 


EXPERIMENT No. 30. To read the barometer. 

The barometer will be already found to be fixed 
in a vertical po-^ition in the laboratory ilove the 
vernier till the zero of the vernier coincides with 
the convex surface of the mercury in the tube. 
Take the reading Suppose that when the zero of the 
vernier is on a level with the convex surface of the 
mercury, the zero of the vernier lies between 750 and 
751 rum , and the 12th divrsionof the vernier coincides 
with a division of the scale The scale of the baro- 
meter IS divided into millimetres 20 divisions of the 
vernier are equal to 19 divi‘5ions of the scale. There- 
fore one division of the vernier is mm Therefore 
the difference between one division of the scale and 
one division of the vernier mm = *05 mm. 

Since the l2th division of the vernier coincides with 
a division on the scale, therefore the difference be- 
tween the zero divi'^ion of the vernier and the 750th 
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division of the scale is the difference between 12 
divisions of the scale, namely, from 750 to 762 and 12 
divisions of the vernier, and this is equal to 12X 05 
= 6 mm, Therefore the reading of the barometer 
IS 750 -}- * 6 = 7 50 6 mms 

Eater your results on the right-hand page of your practical note 
book thus — 


Date 


ExpariniBllt To read the barometer 
Apparatus A baiometer 

Observation When the zero of the \ernier is on a level vith 
the convex surface of the ineicur}', the zero of theaeimer lies be- 
tween 750 and 751 mm and the 12th division of the lernier coin- 
cides with a division on the scale 

Calculations. 

The scale of the barometer is divided into millimetres 

20 divisions of the vernier = 19 divisions of the scale 

1 division of the vernier = ~ mm , 

I,", the difiEerenoe between one dmsion of the scale and one 
division of the vernier = A mm = * 05 mm , 

‘ the difference between 12 divisions of the scale and 12 
divisions of the vernier is 12 x 05 = * 6 mm , 

the reading is 750 • 6 = 750 * 6 mm 

\ 

Result. The height of the barometer = 760*6 mmg 
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Table of specific gravities. 

Solids 


Aluminium 

... 2 7 

Marble. , . 

... 2*7 

Brass ... 

... 8 4 

ickel ... 

... 8*57 

Copper ... 

... 8 95 

■^Platinum 

... 21*5'"' 

Cork ... 

... -24 

Rock Salt 

... 1*9 

Gold ... 

... 19*3 

Silver ... 

... 10 57 

Iron 

... 7 76 

Tin 

... 7*3 

Ivory . . . 

.. 1-92 

Wax (beas) 

'96 

Lead . . . 

... 11*4 

Zinc 

... 7*2 


Liquids 


Alcohol 

*8 

Nitric acid 

1*5 

Glycerine 

... 1*26 

Olive Oil 

915 

Mercury 

... 13 6 

Petroleum 

*86 

Milk 

. 1*03 

Sulphuric acid 

1*85' 

Turpentine oil 

... .. 87 



EXAMPLES ON CHAPTER II. 


( 1 ) A specific gravity bottle complete!}^ full of 
water weighs 39 grains, and wJien ]] 3 grams of a 
certain solid liave been inti'oduced, it weighs 49 ’3 
grams Find tlie specific gravity of tlie solid (Ans 


11'3) 


A piece of copper of •specific gravity 8 9 
weighs 15 8 giams in water , find its weight in air. 
( Ans 17 ' 8 grams ) 


10 
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( 3 ) A piece of wax weighs 4 * 8 grams in air ; 
when a piece of copper is attached to the wax, the 
combination weighs 15*6 grams in water, if the 
weight of the copper in water be 15^ 8 grams, find 
the specific gravity of wax ( Ans ' 96 ) 

( 4 ) A piece of marble of specific gravity 2 * 7 
weighs 49 ’ 3 grams in water, and 53 07 grams in oil 
of turpentine , Find the specific gravity of the oiL 
(Ans, 87) 

( 5 ) Find the specific gravity of sulphuric acid 
if a piece of platinum of specific gravity 21*5 weighs 
43 grams in air, and 39 3 grams in sulphuric acid. 
(Ans 1*85) 

( 6 ) A piece of copper weighs 17*8 grams m air, 
15 8 grams in water, and 16 12 grams in kerosine 
oil Find tlie specific gravity of kerosine oil ( Ans 
*84 ) 


( 7 ) Tlie lower portion of a U-tube contains mer- 
cury How many centimetres of water must be 
poured into one leg to raise the mercury 2 * 5 centi- 
metres in the other, the specific gravity of mercury 
being 13 6^ '(Ans 6 8 cnis ) 

( 8 ) The legs of a TJ-tube are each 12 cms long 
Water is poured into tlie XJ-tube till it is half full 
As much oil ( specific gravity ’ 8 ) as possible is then 
poured into one of the legs Determine the height of 
the oil column ( Ans 10 cms ) 



HYmOSTATIQS. 

QUESTIONS ON CHAPTER II. 




(Selected from Allahabad Unmeisity Mati Lculation 

Pape) s ) 


1 Distinguish hetiveen absolute and relativ 
density, and prove that the former depends U23on th 
units of length and mass, while the latter does nol 
Show also that on the metric system,^ the two dens] 
ties are expressed by the same number. ( 1908 ) 


2 Explain the terms ‘ relative density,’ ‘ speeifi 
gravity ’ How would you determine the density of i 
liquid relative to water at a given temperature 
(l915)Oi P-'”^ 




3 Describe any method of finding the relativ< 
densities of two liquids A U-tube of uniform bore 
about half filled with water, is fixed in a vertica 
position, and oil (of density * 8 ) is poured into one liml 
till the water rises 4 cms , in the other What mass 
of oil was poured into the tube^ ( 1909 ) 


4 How would you determine the density oi 
sulphuric acid relative to water at a given temjiera- 
ture? (1911)^^-: " '' ; 

I 

i 

5. You are given a balance, a brass ball, and 
two liquids, how could you compare the densities ol 
the two liquids ? ( 1915 ) 


6 How can the relative density of iron nails be 
determined^ (1909) 
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7 Some iron nails -weigh 3 grams in air 

When a density bottle filled ivith water is placed 
beside the nails on the balance pan the weight of the 
nails and the bottle is 151 grams The nails are then 
put into the bottle, and the bottle and nails then 
weigh '^112 grams Find the density of the iron 
nails. (1910) , . 

8 How wpuld you test a coin to see if it is pure 
gold? (1911) 

9 How would 3mu determine the specific gravity 

of common salt? (1914) '7/'/ P </ i- — ^ , 

10 Describe the construction and use of a baro- 
meter How does the lengtli of the column of mer- 
cury in a barometer change with the altitude above 
the sea level? Give reasons for your answer. ( 1908) 




CHAPTER III. 

HEAT. 

Temperature. The temperature of a body is 
that condition of the body on which its poiver to com- 
municate heat to, or to receive heat from, anotlier 
body depends 

A thermometer is an instrument used to mea- 
sure and to indicate temperature 

Construction of a mercury thermometer. 

(a) Filling the thermometer. A glass tube is 
taken, which has a fine uniform bore and 
a bulb at one end and a funnel at the 
other end Mercury is placed in the 
funnel As the bore is fine, the mercury 
will not run to the bulb The bulb is 
gently heated The air inside expands, 
and some of it escapes through the 
liquid Tile bulb is then allowed to cool 
The air inside contracts, and its pres- 
sure becomes less than the pres^^ure of 
the air outside, and so some mercury is 
, forced into the bulb. Thus, by alter- 
nately heatmg and cooling, the bulb and 
the tube are filled with mercury. The 
mercury is then boiled and the mercurji 
vapour as it escapes carries with it any 
remaining air and moisture When the 
bulb and the tube are full of mercury 
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and its vapour, the tube is heated near the funnel, the 
funnel is removed, and the end is hermetically sealed 
by fusing the glass On cooling, the mercury vapour 
condenses, the whole contents of the bulb contract, 
and a vacuum is left at the upper end of the tube 


[b) Fixed points of a thermometer. It has 
been found that ( 1 ) ice melts at a constant tempera- 
ture, and ( 2 ) Avater boils at another constant tem- 


perature if the pressure of the atmosphere be the 
same These two temperatures, namely, the tem- 


perature of melting ice, and the 
temperature of steam ivhen the 
barometer reads 7 GO mm , are 
the fixed points of a thermome- 
ter The former is called the 
freezing' point, and the latter 
the boiling point 

(c) Determination of fixed 
points (1) Melting point. 
The thermometer is placed 
vertically in a funnel shaped 
vessel, and the bulb and the 
lower part of the stem are com- 
pletely surrounded with melt- 
ing ice When the mercury 
has become stationary, its level 
in marked This is the melting 
or freezing point It is marked 
32° on the Fahrenheit scale, 
and 0° on the Centigrade and 



the Reaumur scales 


Fig 18 
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(2) The boiling point. The thermometer is 
then placed vertically in an instru- 
ment, called a hypsometer . so 
that the bulb and the greater 
portion of the stem are surrounded 
with steam issuing from boiling 
water which is boiled in the lower 
part of the instrument When 
the level of the mercury has be- 
come stationary, a fine mark is 
made there ( A correction is 
made if the barometer does not 
read 7 60 7nm For correction see 
Experiment No 32, pages 82 and 
83 } Tins IS the boiling point 
It IS marked 212° on the Fahren- 
heit scale, 100° on the Centigrade 
scale, and 80° on the Reaumur 
scale 

(d) Grraduation of thermo- 
meter. The distance between the 
two fixed points is divided equally 
into 180 parts on the Fahrenheit 
scale, 100 jiarts on the Centigrade scale, and 80 parts 
on the Reaumur scale. The divisions are continued 
above the boiling point and below the freezing point. 

' (e) Comparison of thermometric scales. Since 
the distance betv een the freezing and boiling point 
is the 'lame on each scale, 
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180 divisions on the Fahrenheit scale=100 
divisions on the Centigrade scale = 80 divi- 
sions on the Reaumur scale, 

01 9 divisions on the Fahrenheit scale = 5 divi- 
sions on the Centigrade scale = 4 divisions 
on the Reaumur scale 

If any temperature be denoted by C, and R 

on the three scales respectively, 

n I -n OTW/S C i^-32 
then C = ( F- 32 ) X-^ar > 

and R = C *. — 

5 5 4 

F-32 _ C _ R 

’**9 5 4 


EXPERIMENT No 31 To determine the error 
in the zero point of a thermometer, or to test 
'< the correctness of its freezing point 

Take a funnel and support it in a clamp Take 
some ice, break it into very small pieces, and wash it 
with distilled water to remove any -salt mixed ivitli 
it Place a beaker under the funnel to receive the 
water melted off the ice Put the pieces of ice into 
the tunnel and place the thermometer vertically in 
the ice so that the whole bulb and the stem up to the 
freezing point mark are surrounded with the ice 
When the mercury in the thermometer has become 
stationary, take the reading, estimating to the tenth' 
of a degree In taking the reading, keep the line of 
Sight horizontal The difference betA^ jeenJJ^j^jwHking 
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and the frppzin^ pn irtf - winrlrprl nn4^^h c-_f]iPrr|Tnmpfevp4s 
the_fi£ror_m the freez ing point If the reading be 
above the freezing point, the corr ect ion is n egative, if 
below it. it is positive 

Ent-er tout results on the nght-hand page of %our practical note 
book thus — 

Date 

Expanment. To test the correctness of the freezing point of 
a thermomoter. 

Apparatus. A funnel some ice, a beaker, a thermometer. 

Observations ^nd results. 

(1) Centigrade thermometer. 



Froenn" p^jint. 

ilarked 

O'. 

Obson eti 

4 0*2’ 

CnrrC'.lnHi — O'!* 


(2) Fahrenheit thcnnomctcr. 


I Freezing pumu 

Marked , J 

32*. 

Observed _ ^ 

A 

i 

1 

31 6' 

s 


C-orrcction . .| 

t 

{ 

-^0 4’ 


II 
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^ EXPERIIVnSNr No. 32 To test the correctness 
^ of the hoibng point ( 100® 0, ) of thermometer. 

Put some "rtater into a fla‘'k tmd fit it i^itli a 
ti\o-liole coik Through one holo— pji.sfi.jui _evit tub o. 
and IJirougli tlio otliei pass the tliermoinetcr verti- 
ta]]j so tliat the hulb of tlie tlici momcter is about 
two Indies above tlio level of tlic itor in the flask, 
and tlie boiling point mark of the thermometer is 
just above the coik. Set the water to boil, and when 
the water is ficely boiling, read tlie thermometer to 
the tenth of a degree, keeping the line of sight hori- 
liont-al This is the observed boiling j^oint Read 
the barometer also. 

The boiling point of natcr is 100° C. when the 
barometer reads 700 mm 
boiling ixiint o f watcrjs increasodpr 
decrea^ed.J}J’.3flZjG Jai an increase 
o^ decrease of 10 jmi of prei^ure. 

Calculate tlie boiling point of water 
for the existing barometric height. 

From this calculated boiling point 
subtract the observed reading of 
the thermometer The difterence 
is the correction The correction 
is negative if the reading of the 
thermometer be above the calcu- Fig. 20 

lated boiling point, and positive if below it. 

Enter yom rosulta on tho iight-hand jKigo of your piactical 
note book thus — 



Date. 
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Expsiiment. To test the correctness of the boiling point of a 
Centigrade thermomet-cr 

Apparatus A Sask fitted with a tvs o-hole cork and an exit 
tube, a Centigrade thermometer, water, a barometer 

Observations. (1) Boding point of water as indicated by the 

thermometci, 99’5°C7 

(2) Height of the barometer at the time of 
the experiment, 750 mm 

Calculations Boihng point of water is 100° (7 when the baro- 
meter reads 760 

Barometer reads 750 mm at the time of the expnment, 

.* the baromotiic height has fallen 10 mm = 1 cm , 

. tlic boding point of watoi must fall 36 x 1 = O'Se'C , 

.* the boding point of water at the existing pressure is 100 — *36 
-= 99 64°C7 

The reading of the thermometer is 99 5°(7 
, correction IS - 1 - 0 * 14°(7 
B.esult Correction ■== -t- 0 * 14°C7 

EXPERIMENT No. 33 To find experimentally 
the connection between the readings of a Fah- 
renheit and a Centigrade thermometer and to 
exhibit the relation by means of a graph. 

Take four beakers and place some cold water into 
each of them Heat some u ater in a vessel and pour 
some hot water into each of tlie beakers. Place the 
two thermometers side by side successively into each 
of the beakers and take the readings of the two ther- 
mometers simultaneously 

On a sheet of curve paper mark two straight linos 
0 X and Yi 0 Pat right angles to each other, 
Xi 0 X horizontal, and 0 Y vertical. On (9 X 
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mark oflf 0 M to represent a Fahrenheit reading and 


■■nilHiiSini 


■■■■■■■■■■■■■HIHHaHHHHKaH 

SSBaSB^BSSSSSBSaBSBBSiSSaSB 

SSBSSBSSSiSSaBSSSSraSSHSSBSrBa 


■gWiWroiMiBM— ■■»■■■■■■■*»■■■■■■■■■ 
■EnvBiaiifiimBiuninBaHBgiiHBgsHMB 

BnflBBBBfliRmMBBBBBBEBjniB'^HBBaBaBBBI 

BnBBBBBBMuSBnBBBBBBBBBnBBBBBSSBgBBSBS 

BHHBBBBBBmBflBBBBBBBa^t BBBBBBI BBBfllBB 
BBBBBBBBBBBBBBBBBBBBBB^Bi BBBBBBIBBBBBBB 
BBBBBBBBBBHBBBBBBBBBISIBBI BBBBBBBBBBBMBB 
IBBflBBBBBIBBBBBBBBISBaBUBBBIBBflBflBflfliga 



w 

BIBB 


wn.SBSBS8BBSSSBa;SS:SHBHH: 

sBaaBBas sBa saaBagsaaBaasaa 

fflassagasaagaasassssasasass 

flBHBBBBB^BiaBBBIBBBBaBBBBBmBHBBBBflBfl 

BBUBBBBBniBBBBBBBBBBBBBBBBBflBBaBUiBBBB 

BBBBBBBKaaaB ■BBBBBBUanHI 

BBHUHBBBBIHIBBBBBBBaBBBBBI 


IB 


HBBB' 

BBBB 

BBBB 


BHlIBBBBBBBBBBflfll 


BBMBBBBBBBBflBB 

■bbbbbbbbbbbbb 

BBBBBBBBBBBBBB 

bbbbbbbbbbbbbb 



fiSnSSa 

sassBS 


on 0 F mark off 0 ta represent the corresponding 
Centigrade reading Through and iV’draw straight 
lines MP and NP parallel to F and OX respec- 
tively, intersecting m P Thus a point P is obtained j 
whose abscissa repre‘=ents a Fahrenheit reading and 
whose ordinate represents the corresponding Centi- 
giade reading Thus, by giadiiating OX mFahren- 
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heit degrees and 0 T in Centigrade degrees, plot the 
different points Unite these points by a curve, and 
the curve passing through these points is the graph. 
If tlie readings be accurately taken, this curve will 
be found to be a straight line not passing through 
the origin. 

[ It should he noted that the curve parses through the point —^0°, 
-JfO", uhuh shows that - IfO" is the temperature leprtsented hy the 
same n umbei on th'' two thei mometers ] 

Enter jour results on the iight-liand page of jour practical note 
book thus — 

Date, 

• 

Expenment To find the connection betv een the readings of 
a Fahrenheit and a Centigrade thermometer and to represent tho 
relation by means of a grajih 

Apparatus. Four beakers containing cold ivater, some liot 
water, one Fahrenheit thoniioraetor, one Uentigrado thermometer, a 
sheet of curve paper 

Observations and result 


F 

C 

55- 

10° 

68° 

20° 

« 

86’ 

JO 

104” 

40° 


EXPANSION. 

As a rule bodies expand when heated When 
the expansion of a body is considered in length, the 
expansion is said to be linear , when the expansion 
of ^ body is considered m area, the expansion is said 
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to be superficial ; and when the expanwon of a body 
IS considered in volume, the expansion is said to be 

cubical 

I Coefficient of linear expansion. The coefficient 
of linear ^^ansion of a substance is ^i^ incre^e in 
length when^onejunit length of that substance is 
lipated a rod of copper 1 cm long be heated 

through 1°C', it IS found that it increases by ’000017 
cm,, therefore the coefficient of linear expansion of 
copper IS 000017 The coefficient of linear expansion 
of a solid IS a small quantity, indeed so small that 
its square and higher powers may be neglected without 
appreciable error. 

To show that k = L ( 1 + where /„ is 
the length of a rod at o°(7, h is its length at t°C,, 
B IS the coefficient of linear expansion of the 
substance and t is the change of temperature 
from (fC. to t°C. 

When 1 unit length is heated YC , the increase 
in length is /S, 

.*. when 1 unit length is heated i°C , the increase 
in length is * 

.*. AN hen 7o units length are heated the in- 
crease in lengtli is 

.*. tlie increase in length is h 

the total length at fC is + L —h ( 

ot k = h{l lit) 

Coefficient of superficial expansion The 

coefficient of supeificial expansion of a substance is the 
increa'se in area Avben 1 unit area of that substance is' 
heated \°G 
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To show tha^t the coefficient of superficial 
expansion of a substance is twice the coefficient 
of linear expansion. 

Take a square plate each side of Trhich is 1 cm. 
at 0°C. The area of the plate at 

IS, therefore, 1 sq. cm Heat 
the plate to 1°C. Each side -^^11 
increase by Therefore the area 
of the plate at is (l-}-^)^ = 

1 + 2/3, neglecting /?“ which is a 
Very small quantity. Therefore the 
increase in area when 1 unit area is heated 1°C. is 
or 7 = 2 /3, where 7 is the coefficient of superficial 
expansion. 

To show that St=So ( 1 + 70» where So is the 
area at o°C., St is the area at fC, 7 is the coeffi- 
cient of superficial expansion, and i is the change 
of temperature from 0 ° C. to fC. 

"When 1 unit area is heated 1°C , the increase in 
area is 7 , 

/.when 1 unit area is heated fC., the increase in 
area is 7 /, 

when So units area are heated t°C , the increase 
in area is So 7t, 

.*. the increase in area is So yi, 
the total area at fC. is aSo+aSo yt^ 
or St = So { 1 + 7 ^ )• 


l+i3 
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Coefficient of cubical expansion. The coeffi- 
cient of cubical expansion of a substance is the inciease 
in volume when 1 unit volume of that substance is 
heated CC 

To show that the coefficient of cubical ex- 
pansion of a substance is thrice the coefficient 
of linear expansion of that substance. 

Take a cube eacli side of which is 1 cm at 0°C 
The volume of the cube at (fC is, therefore, 1 C G 
Heat the cube to 1°C Eacli side will increase by 
The volume of the cube at l'’^' is, therefore, ( 1 + 3)^ 
= 1 + 3 /^, neglecting A- S which is very small. 
Therefore the increase m volume when 1 unit volume 
IS heated VC. is 3 /3 or = 3 where S is the coeffi- 
cient of cubical expansion. 

To show that Ft = Fo (! + (?/), where Fo is 
the volume o°C , Ft is the volume at fC, S is the 
coefficient of cubical expansion, and t is the 
change of temperature from o°F . to CC~ 

When 1 unit volume is heated VC , the increase 
in volume is 

.*. when 1 unit volume is heated CC., the increase 
in volume is 

vlien ho units volume are heated the in- 
crease in volume is F^, St , 
the increase in volume is Fo , 

/.the total volume at fC is Fo -f- V^St 
= Fo(l + ^0,or Ft=Fo(l + 50 
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^ Absolute and Apparent expansion. When a 
liquid IS heated, it expands, and the vessel containing 
the liquid also expands In the expansion of a liquid, 
the visible increase of the volume which is the excass 
of the expansion of the liquid over the expansion of 
the containing vessel is called the apparent expansion 
of the liquid, while the actual increase in rts volume 
vhich IS equal to the sum of its apparent expansion 
and the expansion of the containing vessel is called 
the real or absolute expansion of the liquid 


Hope’s experiment to show that water has its 
maximum density at 4°C. 



and 4 inches in diameter and surrounded about its 

middle pait by a jacket to hold ice and salt From 
12 
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the lacTcet pa&ses a small outlet to allow the water 
melted off the ice to escape Two tliermometeis pass 
throimh corks which are fitted into short tubes Avhich 
are fixed into the sides of tlie cylinder above and below 
the jacket The thermometers are inserted in such 
a way that when the bulbs are in the middle of the 
cylinder, all the graduations are outside 

Experiment. This experiment is performed in 
a cool place The cylinder is filled with water which 
has been cooled down to CC Pounded salt and ice 
IS jilaced in the jacket. As the water is cooled by 
the ice 111 the jacket, it becomes denser and sinks, 
•warmer water which is lighter rises from the bottom, 
IS cooled and sinks in turn, so the lower thermome- 
ter shows a gradual fall of temperature, wlule the 
upper thermometer remains stationary At PC , 
the lower thermometer ceases to fall This shows 
that the further cooling of water by the ice does not 
make it denser The water in the middle is now 
cooled belo-w Y C expands, becomes ligJiter and rises 
Denser -water from the top Hows down, is cooled <\and 
rises Thus the Avhole watei above the jacket is 
cooled The upper theimometer now begins to fall 
till it reaches 0 C The lower theimometer still 
continues to show 4° C. Tins expeiimeut shows that 
water at PC is denser than at any mother tempera- 
ture higher or lower. 

( Peculiarity in the expanison of water. If 

water at 0 (7 be heated, instead of expanding, it con- 
tiacts, and continues to do so till the temperature 
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rises to If further heating be continued, it will 

expand This peculiarity or anoraal}^ in the expan- 
sion of water is an exception to the general rule that 
bodies expand when heated. 

QUANTITY OF HEAT. 

'"'Heat which clianges the temperature of a body 
is called sensible heat 

The luiit of heat or tlie thermal unit is tlie 
amount of heat required to raise the temperature of 
one unit mass of water through one degree 

The British thermal unit is the amount of heat 
required to raise the temperature of one pound of 
water through one degiee F. hr:..’ ; 

Tlie French thermal unit or the calorie is the 
amount of heat required to raise the temperature of 
one o;ram of water throuo^h one dej^ee Ccntiqr de 
The calorie is the unit of heat employed in the 
laboratory 

The Specific heat of a substance is the number 
of calories required to raise the temperature of one 
giam of the sub^'taiice through one degree Centi- 
grade 

a 

The thermal capacity of a body is the number 
of calories required to raise the teciperature of the 
total mass of the body through one degree Centigrade 
If ilfbe the mass of the body, and S its specific heat, 
and C it^ thermal capacity, then C — MS. 
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The water equivalent of a body is the number 
of grams of ^^ater the temperature of which ivdl 
be raised through one degree Centigrade by the 
amount of lieat required to raise the temperature of 
file body through one degree Centigrade If M be 
the mass of the bodj^, S its specific heat, and the 
water equivalent of the body, then to — 31 S 

A Calorimeter consists essentially of a cylindri- 
cal vessel of thin copper To prevent the loss of heat 
to the air, the outside of this vessel is polished and it 
IS surrounded by a similar but larger copper vessel 
in Avhich it is suspended by silk tlireads The inside 
of this larger vessel is also polished, and tlie larger 
vessel is placed inside a wooden box and wool is lightly 
packed between the larger vessel and the vooden 
box ( See Fig 23. ) 

A stirrer consists of a small perforated disc of 
thin copper attaclied to a piece of v ire, t 

Heat which is absorbed or given out by a body 
at constant temperature during change of state is 
called latent heat 

The latent heat of fusion of a solid is the num- 
ber of calories required t5 change one gram of the solid 
into its liquid without change of temperature 

The latent heat of fusion of ice is the number 
of calories required to change one gram of lee at 
0° C to water at 0°^ 
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The latent heat of vaporization of a liquid is 

the number of calories required to cliange one gram of 
the liquid at its boiling point into vapour AVithout 
change of temperature 

The latent heat of vaporization of water is 

the number of calories required to convert one gram 
of water at 100° (7 into steam at the same tem- 
perature 


EXPERIMENT No 34. To find the water equi- 
valent of a calorimeter. 

Weigh the calorimeter, let its mass be Mi 
Pour some water into the calorimeter and weigh it 
again, let the mass of the water in the calorimeter 
be m. Take the temperature of the water and let it 
be t. 


Heat some water in a beaker and take the tem- 
perature of the hot water, let it be T. Immediately 
pour some of the hot water into the calorimeter, stir 
the vater, and note the highest temperature reached 
Let tins temperature be 0, Weigh the calorimeter 
again and let the mass of the hot water used be M, 
Let ic be tlie water equivalent of the calorimeter. 

The temperature of hot water has fallen 
through T— 9 

The tern pel ature of cold ivater has risen 
tlurough 0 — 
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And tlie tempeiature of tlio caloiinietei lias 
ribeu tlnougli 0 - / 

.* Lo^b of heat by liot ^^ate^ = j)/ ( 7 - 0 ). 

Gam of Iieat bj’ cold n ater = ?» ( 0 - / J 
Gam ot heat by calorimeter = ?/? ( 0 - / ) 
Tlierefore total gam=?a (0-/') + »? ~t) 

Tlierefore u ( © - / ) + jj? ( 0 - O = d/ ( 7 ' — 0 ). 

/. li (0-0 = d7( 7-0)-7a(9-n. 

M{ T-Q)-m (0 -0 

( 0-t ) 

Therefore the ■water equivalent of the calorime- 
ter lb detei mined 

Entoi \our results on ihoiiglil Innd page of jom j>i wtieal note 
book thus — 


Date 

Expenmsnt To detenmne the •uratci cqunalont of a cjilon- 
nieter 

Apparatus A balance, ■« eights, a calorimotoi, two thoimo- 
raetei’s, a beakei with w-atei in it 

Observations 

(1) Afass of the empty caloiimeter = 60 grams 

(2) Mas*, of the caloruuetei and ivater = 123 3 grams 

(3) Inifial temperature of water in the calounietoi = 20“(7 

(4) Temperature of hot ater = 3S°(7 

(o) Final tempeiature of water in the caloiimeter = 26°C' 

(6) Massofoalorimetcraftei addition of hot watei = 157 Sgiams 

Calculations 

Mass of cold w ater = 63 3 grams 
Mass of hot water = 34 0 gi-ams 
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The tempcratuie of hot water has fallen throu"h 38 — 26 = 12 (7 
The tempeiatuie of cold Avater hasiisen tluough 26 — 20 = 6° C 
Loss of heat by hot Avater =-34 5 x 12 = 414 calories 
And gain of heat by cold Avatei 3x6'= 379*8 oaloues 

Gam of heat by calonmetei •=» 

6 to + 379 8 = 414 
6 = 34 * 2 

• ?«=5 7 

Result. Water equiA^alent of the calonmetei =57 grams 


EXPERIMENT No. 35. To determine the spe- 
ciflc hea,t of a metal. 

i 

Take a piece of the metal and -weigh it Let its 
mass be M Boil some water m a beakei and suspend 
the metal m tlie water b}^ means of a thread Take 
the temperature of the boiling water and let it be T. 

Weigli a calorimeter, let its mass be J/j, and let 
ni be the water equivalent of the calorimeter Put 
some Avater into the calorimeter and iveigli it again, 
and let tlie mass of the water in the calorimeter be m. 
Take the temperature of the Avater m the calorimeter 
and let it be t Wlien the metal has taken the tem- 
perature T of tlio boiling AA'-ater, remove it, shake off 
the adliering Avatei and plunge it immediately into 
the Avater in the calorimeter Stir the AiAter and 
note the higlie'^t temperature reached Let this 
temperature be 9 Let S be the specihc heat of tlie 
metal 
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Tlie temperature of the metal has fallen through 

T-0 

The temperature of water has risen tlirougliQ-^ 
TJie temperature of calorimeter has risen through 
0 -/ 

.-.Heat lost by the metal = MS{P-Q) 
Heat gained by the water = wi ( 0 - 0 

Heat gained by the calorimeter = w {Q-i ) ' 
Therefore MS { T— 0» =77i(0 — i)-l-?a(0 — O 
= {m + li) {0- i) 

Therefore 

Tlieiefore the specific heat of the metal is deter- 
mined 


Enter your results on the right-hand page of your practical note 
Iwok thus — 


Date. 


Experiment. To determine the specific heat of copper 

Apparatus A balance, weights, a piece of coppei, two thei- 
mometers, a beaker, some aater 

Observations 

(1) Mass of calorimeter = 60 giams 

(2) Mass of caloiimeter and water = 123 3 grams 

(3) Initial temperature of watei in the calorimeter 20° G 

(4) Mass of copper =100 grams 

(5) Temperatuie of copper = 98 5° C 

(6) Final temperature of water = 29 5° (7 

( I ) W ater equivalent of the calorimeter «=■ 5 7 grams, 



HEAT. 


97 


Calculations. 

Mass of Avater in the calorimeter = G3 ' 3 grams 
The temperature of the metal has fallen through 98*5 — 
29 5 = 69"C' 

The temperatuie of the water has risen through 29 5 — 20 
= 9*5°C 

The temperatuie of the calorimeter has risen through 29 5 — 20 
= 9 

Loss of heat by coppei = 100 x <S x 69 == 0900 S calories 
Gain of heat by water = 63 3 x 9 5 = 601 35 calories 
Gam of heat by caloiimeter = 5*7 x9 5 = 54 15 calories 
total gam = 655*5 caloiies 

.*. 6900 S = 655 * 5, .*. S = = * 095 

Result Specific heat of copper = 095 


EXPERIMENT No. 36. To determine the latent 
heat of fusion of ice. 

Weigh a calorimeter, and let it=? mass be , and 
let w be the water equivalent of the calorimeter 
Place some water into the calorimeter and weioh it 
again, and let the mass of the water m the calorime- 
ter be m Take the temperature of the water and 
let it be t Take a few small pieces of melting ice, 
dry them with a blotting paper and put them into 
the water m the calorimeter by means of a blotting 
paper. Stir the water, and when all the ice is just 
melted, note the lowest temperature reached Let this 
temperature be ©L Weigh the calorimeter again and 
let i)f be the mass of the ice added Let L be the 
latent heat of ice 
13 
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The tcDiperatuieof water has fallen thiougli 
The temperature of ealonmeter has fallen 
through t - 

Heat lost by water = m ( 

Heat lost bj'’ caloi imeter — w ( i 
Therefore the total loss of heat = ( w ) {f-^) 

Heat gamed by ice in change of state = ML 
Heat gained by ice- water in raising its tempera- 
ture irom OT.to e°6', = MQ 
Therefore the total gam of heat = i)/X -{- M 0. 

ML -j- Md = ( m -h 10 ) ( t -0 ) 

,\ML = (m + w) (f-Q)- /If© 

,__(m + w) (f-Q)-3IO 

m • X-/ •% f 

M 

Therefore the latent heat of ice is determined 

Enter your results on the iight-hand page of your piactioal note 
booh thus — 

Date — 

Experiment To determuio the latent heat of ice 

Appara,tus A calorimeter, a therraometoi, ivator, ice, a 
balance, eights 

Obsei vatioiis 

(1) Mass of empty calorimeter = GO grams 

(2) Mass of Cidoumotei and uatei = 223 3 giams 

(3) Initial tomperatuic of i\ iter = 20° C 

(4) Final tempoiatuic of watei = 12° G 

(5) of calonmetei vitoi iddition of ice = 129 3 grams 

(6) V» alt 1 otpni dent of the raloumotei used = 57 giams 

Calculations 

Mass of water in the calorimeter = G3* 3 grains 
Muss of ite melted = 6 grams. 
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The l-empeiaLure of Avatei has fallen through 30 — 12 :=S°{7. 
Tho temperature of caloriuietei has fallen through 20 — 12 
^S°C 

Heat lost bv water = 63 "o x S = 506*4 calories 
Heat lost b} calonmetei = 5 7xS-=45*6 calones 
Total loss of heat =552 calories 
Gam of heat by 6 grams of ice in change of st rte = 6L 
Gam of hea^ by 6 giams of ice-water in raising its tempera- 
ture from O^G to 12°G ■= 6 x 12 = 72 calories 
* Total gain = GL + 72 
6Z--J- 72 = 552, 621 = 480, Z = 80 


Besult The latent heat of ice = SO 


x'EaPERIMENT No 37 To determine the latent 
heat of vaporization of water, usually called the 
latent heat of steam. 


Put some water into a hash, and fit the flask with 
a two-hole cork Througli one 
hole a thermometer verti- 
cally so that the bulb of the 
thermometer is about two inches 
above the level of the water in 
the flask and the boiling point 
maik is just above the cork 
Througli the other hole pass a 
bent gla'-s tube and connect the 
other end of this glass tube to 
one end of a waier-traji so that 
any condensed water carried with 
the «team is caught by the trap -3 

Through the othei end of the water-trap pass a short 
delivery tube Set the water to boil 
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Weigh a calorimeter and let its mass be M-y , and 
let 1 C be the lyater equivalent of the calorimeter. 
Put some cold water into the calorimeter, and weigh 
it again, and let m bo the mass of the w’ater m the 
calorimeter. When the steam is freely passing from 
the flask, take the temperature of the cold water and 
let it be t Note the temperature of the steam and 
let it be T Then immediately dip the end of the 
delivery tube into the water in the calorimeter. 
When the temperature of the water in the calorime- 
ter has risen about 20‘’6'. above its initial temperature, 
remove the delivery tube from the calorimeter, stir 
the water and note the highest temperature reached 
Let this temperature be © Weigh tlie calorimeter 
again and let M be the mass of the steam condensed 
Let L be the latent heat of «teara 

The temperature of water in the calorimeter has 
risen through ( © - O* 

The temperature of the calorimeter has risen 
through ( 0 - O' 

Loss ol heat by steam in change of stato=ibtt. 

Loss of heat by M grams of steam-water in falling 
from T°C to = T-e ). 

Therefore total loss of hecA — ML M{ T- 9 ). 

Gam of heat by water m the calorimeter = m (0-0. 

Gam of heat by the calorimeter =ia (0-0 

Therefore total gam of heat=( w-f-ta ) ( 0 — 0- 
Therefore i)f ( T- 0 ) = ( )(0-O- 

(0-O-fl4'( T-0) 

. r_ (m+w)(Q-t)~-]\f(T-Q) 
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Therefore the latent heat of steam is determined 

Enter yom lesults on the nght-hand page of your practical note 
book thus — 


Date 


Experiment. To determine the latent heat of steam 


Apparatus A flask fitted -with a two-holo coik and a water 
trap, j/yp'^ermometers, a caloumeter, water, a balance, weights 

^Observations 


(1) Mass of the caloumeter => 60 grams 

(2) Mass of the calorimetei and watei = 134 3 giams 

(3) Initial temperatui e of water in the calorimeter = 20° C 

(4) Tempeiatiue of steam = OD'C 

(5) Final temperatui e of watei in the caloiunetei = 35’ (7 

(6) Mass of the calonraotor aftei steam is condensed = 136 3 

giams 

(7) Watoi equivalent of the caloiimetei used ~ 5 7 giams 


Calculations 

* 

Massof vatoi in the calorimeter = 134 3 — 60 = 74* 3 grams 
Mass of steam used = 136 3 — 134 3 = 2 giams 
The tempeiatiue of the water in the caloiimetei has risen 
thiough 35-20 = 15° O 

The temperature of the oalonmetei has nsen through 35 - 20 
= 15°C 


Loss of heat by 2 grams of steam in change of state = 2 L 
calories 

Loss of heat by 2 grams of steam water in falling from 99’(7. to 
35°(7 = 2 X 64=- 128 caloiies 
Total loss of heat 2L+ 128 

Gam of heat by watei = 74*3x15 = 1114 5 calories 
Gam of heat by caloumeter = 5*7x15= 85*5 calories 
Total gam of heat = 1114*5 + 85 6 = 1200 calonos, 

2L+ 128 = 1200 2L= 1072 L = 536. 


Kesult. The latent heat of steam = 536, 
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MELTING- POINT OF A SOLID. 


I T]ie melting" point of a solid is the temperature 
'at whicli the solid melts, and this temperature remains 
ponstant from the time melting or fusion begins until 
!the time it is completed 

EXPERIMENT No 38 To determine the melt- 
ing point of wax. 

Diaw out a piece of fine glass tubing about t-wo 
inchas lonof Melt a little wax 
in a crucible, suck a little melted 
wax into tlie fine end and close 
the end b}^ means of a flame 
Fasten this tubino along side the 
bulb of a thermometer with a 
piece of thread Support this 
therraonieter on a water bath so 
tliat the upper end of the fine 
tube IS above the level of the 
water in the bath Heat the batli 
gently Note tlie temperature 
at which the wax melts Remove 
the flame and note the tempera- 
tuie when the wax begins to 
solidify Take the mean of the two temperatures, 
and the mean temperature is the melting point of wax 

Enter your results on the light hand page of youi piactical 
note book thus — 

Date 

Expenment. To detomime tho molting point of irax 
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Apparatus. A fine glfi^s tubing contiining wax, a beaker 
containing Matei, a tliennometei 

Observations and Result 


Wax begins to melt 

oO’C* 

Wax begins to solidify 

49 yc 

Mean value 

49'7°C 


^EXPERIMENT No. 39. To determine the melt- 
ing point of naphthalene. 

Introduce some poivdered naphtlialene into a test- 
tube, and place a thermo- 
meter into it so tliat the 
bulb of the thermometer 
IS wholly inside the pow- 
der Support the test tube 
on a bath of water so that 
the level of the water in 
the bath is just above the 
level of the naphthalene in 
the tube Insert a thermo- 
meter into the bath and 
hoat tlie bath gently till 
the tern pel ature of the 
bath IS S0°C' When the 
naphtlialene in contact 
witli the walls of the test 
tube begins to melt, stir 
the naphthalene very 
gently with the thermo- Tig -5 




4^ 


c 
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meter, taking care not to break tlie test tube or 
the thermometer When the naphthalene near tlie 
bulb of the tliermometer begins to melt and allows 
the bulb of the thermometer to be seen thiougrb it, 
remove the flame, and read the temperature of the 
naphtlialene This tempeiature which will be found 
to be constant for some time is the melting point of 
naphthalene 

Enter your results on tlie nght-liand page of your practical 
note book thus — 


Date . 

Expeniuent To determine the melting point of naphthalene 

Apparatus A test tube, a beaker, water, two theimometers, 
naphthalene 

Observation and Result Meltm^ point of m^hthalene 

n°c 


BOILING POINT. 

\P 

I ^ The boiling point of a liquid is the temperature 
lat which the liquid boils, and this temperature re- 
Imams constant during boiling The boiling point of 
I a liquid den e. nds_upon the pressu re of the atm osphere , 
so the boiling point of a liquid iS usually defined as 
t he temperature at which the liquid bo i ls when the 
baiometer reads 7 60 mm. 
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Precautions in determining’ the boiling point 
/ of a liquid. 

( 1 ) The bulb of the thermometer should bo 
placed in the vapour of the boiling liquid and not in 
the liquid itself 

A 

( 2 ) As much stem of the thermometer as pos- 
sible should be surrounded mth the vapour of tlie 
liquid 

( 3 ) The barometer should be read at the time 
of determining the boiling point 


To show that the boiling point of water depends 

upon pressure. 

Take a round-bottomed flask, and take a good 
cork •v^'hlch tightly fits the 
mouth of the flask Place 
some -water in the flask till it 
IS about half full, and set the 
■water to boil. When the water 
has boiled freely for ':ome time, 
and when the air in tlie flask is 
expelled and its place is occu- 
pied by the vater vapour, first 
remove the source ot heat, and 
then cork the flask ti^htlv 

O i 

Invert the fla^k over a suitable 
stand When the boiling has 
entirely ceased pour some cold 
water, or place some pieces of 

ice folded in a handkerchief over the bottom of the 
14 



Fl-r 26 
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finsk Water kccausc the vapour 

in‘'icle tlic Ha'^k is condensed and .so its prc-ssure on 
the fauilace of the nater is reduced 


EXPERIMENT No 40 To determine the boil- 
ing; point of alcohol. 


Take a small flask and introduce into it some al- 



lapour of 

the alcohol may be condensed Through the other 
hole pass a thermometer so that the bulb of the ther- 
in ometei is about tuo inches above the level of the 
alcohol in the flask Support the flask on a shallow 
bath of uatei in such a way that the level of the 
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■\yater in the bath is a little above the level of tlie 
alcohol Insert a thermometer into the bath and 
heat the bath gently. When the indication on the 
thermometer in the flask has become stationar}’-, note 
the temperature and remove the flame This tem- 
perature is the boiling point of alcohol Read the 
barometer also The boiling point of carbon tetrachlo- 
ride, or any other liquid whose boiiiiig point is below 
100“C'. is determined in the same ivay 

Entei your results on tlio nght-hand pago of join piactical note 
book thus — 

Date 

Experimenfc, To deternimo the„boilmg point of alcohol 

Apparatus A flask fitted Avith a t-\\o hole coik and a dcln ery 
tube, a receivei, water, doohol, two theimmuetois 

Observations (1) Boding point of alcohol, 77 O'C* 

(i) Height of the baiomcter, 750 vim 

Result. Boihng point of alcohol IS 77 OX' at 750 )/t»» piessuro 

TABLES FOR REFERENCE. 

( 1 ) Melting Points. 

Rutter ... ... Paraffin 54°C'. 

Ice ... ... Sulphur ... 115°f7 

Lard ... ... 33°(7 Wliitevav ... 

N aphthalone ... 8 0° C 

(2) Boiling Points 

Alcohol ... 7S’3°6'. Ether 35"(7 

Carbon Tetra- Meicury ... 

chluiide ... 71"C. Water... ... 100°(7. 
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{ 3 ) Specific Heats. 


Aluminium 

... *214. Iron 

... -114. 

Brass 

... *094. Lead 

... ‘031 

Copper ... 

... ‘095 Zinc 

(4) Latent Heats. 

... *095 

Xc0 

... 7^.9 4 Steam 

- 

... 53G 


EXAMPLES ON CHAPTER ILL, 


On th.ermoineters. 

(l) The temperature of a person is 98*6 F. 
What IS it on the Centigrade scale ( Ans. S7°C ) 

k 

^ ( 2 ) What IS that temperature rrho^e Centigrade 

Greading is half of the Fahrenheit reading^ (Ans. 

) 

Solution 

Liet X be the temperature on the Centigrade scale. 
Then, putting x for C and 2x for F in the equation 


■F-32 

9 



rre have 


2x — 32 


9 



07 lOr-160 = 9x, x — 160. J- 

( 3 ) What is that temperature irhose Faliren- 
heit and Centigrade readings are represented by the 
same number'^ ( Ans. -40” ) 
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I 


Solution, 


Let X be the reading on the two thermometers, 
then, putting x for C and F in the eqimtion 


i^-32 C 


we have 


-^-32 


X 


01 5 .r- IGO = 9 , 1 ’, X =-40° 


} 


( 4 ) What IS that temperature whose Centigrade 
reading is equal to the sum of the Fahrenheit and 
Reaumur readings ( Ans. - 20° (7 , - 4°F , - 16°jK. ) 


{ 


Solution 


Let X, y, and 5- be the Fahrenheit, Centigrade, 
and Reaumur readings respectively. Then, putting 
X for A, y for C, and for R in the equations 


A- 32 


C 

5 


R 


= — = "T~’ we have 


X - 32 y 


X — “.y + 32, 

(1) 

and 2 ^ = 

5 

(2) 

and by the question y = x ^ 

(3) 

Substituting from ( 1 ) and ( 2 

) the values of x 


and z in terms of y in ( 3 ), we have 
y y S2 -|-y, 
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0^ y — + 32, 

or ?/ = — 20 , 
and from ( 1 ) .r = -4 ; 

and from (2)^ = -16 ^ 

On Expansion. 

( 5 ) The length of an iron rod is 100 cnis at C. 
What is its length at SO'’ 6*, the coefficient of linear 
expansion of iron being * 000012 ( Ans 100*06 
cms , ) 


( 6 1 The length of a gold rod is 100 3 cms at 
200°6' Find its length at lOO’C', the coefficient of 
linear expansion of gold being 000015 (Ans 100*15 

ms ) f > ^ A 

> A ^ 

{ / 

Solution I 


h — L ( 1 -j- ) 

or 100*3 =/„(!+ *000015 X 200 ) 

<7? 100*3 =/„(!+ *003) = 1*003 X/o 


100 3 
1 003 


100 . 


Again, 

00 = ^0 ( 1 + 

= 100 (1 + *000015 X 100) 
= 100 X 1*0015 = 100*15 
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( 7 ) The length of a tm rod at 40 C is 100*1 cm-s , 
and that at 80 '6' ls 100*2 cm Calculate the coeffi- 
cient of linear expansion of tin. ( Ans * 00002 A -)__ ' 


( 8 ) Two iron rods, each 50 cms long at 0°C , are 
"placed in one straight line and have their outer ends^ 
fixed Find how far their inner ends must be apart 
so that tliey maj'’ just touch at 60° C , the coefficient 
of linear expansion of iron being ‘000012 (Ans. 
*072 cm-s ) 


( 9 ) The length of a copper rod is found to be 
*034 cms longer at 80° 6' than at 60° (7 Find its 
length at 100°(7 , the coefficient of linear expansion 
of copper being *000017. (Ans 100*17 cm ) 


Solution 

^8 0 ~ ( 1 + ^80 ), 

^40=4(1 + /340 ) 

^8 0 “^4 0 ~ 20^4 
07 '034 = Z, X 20 X *000017, 

. 7 034 *034 

• • *0 ” “ ” — - — ■ - ' L TOO 

20 X * 000017 00034 

/loo = 100 ( 1 + 000017 X 100 ) 

= 100 + • 17 = 100 * 17 . 1 * 

/• J 

( 10 ) The area of a sheet of brass is 50 * 18 sq. 
cm at 100° C Find its area at 0°C, the coefficient 
of linear expansion of brass being *000018 ( Ans 

50 sq cms, ) 
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^{\l) The volume of a platinum sphere is 10 ’ 027 
C. C at 100'’C' What will be its volume at 200’(7, 
the coefficient of linear expansion of jilatmum being 
•000009 ^ ( Ans 10 054 C C ) 

On quantity of heat. 

-/( 12 ) How manj^ caloiies are required to heat 
40 grams of water from 10°C' to 60^(7. ^ ( Ans 20o| 

calories ) 

13 ) 10 grams of water at 30°C' are mixed with 
40 glams of water at bO'^C Find the final tempera- 
ture ( Ans 46 '6'. ) 

( 14 ) A calorimeter contains 63 ’ 3 grams of vater 
at 20 C 34 5 grams of vater at 3 8'’ (7 aie poured 
into it, and the final temperature is 26° C Find the 
water equivalent of the calorimeter ( Ans 5 7 
grams ) 

Solution 

Let w be the water equivalent of the calori- 
meter 

Loss of heat by hot water = 34 * 5 X 12 = 414 
calories ’> 

Gam of heat by cold water = 63 ’ 3 X 6 = 
379 8 calories 

Gam of heat by the calorimeter = za X 6 — Oio, 

Lo^s = Gam 

.* Ow + 379 8 = 414 

j 

6ia = 34 2, la = 5*7 grams. 1- 
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{ 15 ) A copper calorimeter Trhose mass is 60 
grams contains 63 ‘3 grams of water at 20°6' 100 
grams of copper at 98 5° (7 are j)lunged into the water 
and the resulting temperature is 29 C Determine 
the specific heat of copper ( Ans. ' 095 ) 

( 16 ) 20 grams of ice at 0°(7 are put into 300 
grams of Water at 1Q° C Find the final temperature, 
the latent heat of fusion of ice being 80^ ( An<' 10''(7 ) 

(17) A calorimeter contains 63*3 grams of 

water at 20° (7. 6 grams of ice at 0°C are put into tlie 

water and tlie resulting temperature when the ice ls 
just melted is 12° C Find the latent heat of ice, the 
water equivalent of the calorimeter being 5*7 grams 
( Ans 80 calories. ) 

(18) A copper calorimeter whose mass is 60 
grams contains 74*3 grams of water at 20°(7, 2 grams 
of steam at 99° (7. are condensed into the water and 
the final temperature is 35° (7. Determine the latent 
heat of steam, the specific heat of copper being * 095. 
( Ans. 536 calories ) 

( 19 ) How much ice can be melted bj 50 grams 
of steam at 100'(7., the latent heat of fusion of ice 
being 80, and the latent heat of steam being 536. 
(Ans 397 *5 grams) 

( 20 ) If the latent heat of steam be 536 when 1* 
Centigrade is the unit ofi temperature, what will it be 
wlien 1° Fahrenlieit is uhe unit of temperature ? 
(Ans 964*8.) 

15 
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^ ( 21 ) A calonmetor . the Avatei equivalent of 
Tvhieli IS 5 granl^J contains 91 grams of voter at 80°C 
6 ffranis of ice at-20°(? are added to the water 
Find the Ifnal temperatuie, the specific heat of ice 
= ‘ 5, the latent lieat of ice = 80 ( Ans 74)°C ) 

Solution 

Lot 0 be the final temperature, 
loss of lieat by water = 91 ( 80 ^ 0 ), 
loss of heat l>y calorimeter = 5 ( BO — 0 ), 

\ total loss ■= 9G { 80 — 0 ) = 7 G80 — 96 0 
Gain of heat by icc in change of temperature 
6X 5 X 20 =60, 

gam of heat by ice m change of state 6 X*80 
= 480, / 

gam of heat by ice Avater = G 0, 
total gam = GO -{- 480 -{-6 0 = 540 -1-6 0. 
.-.540-1- 6 0 = 7680-95 0 

102 0 = 7140, 0 = 70° 

I \ 

( 22 ) A calorimeter, the water equivalent of which 
is 5 gTams, contains a mixture of 15 grams of ice at 
0°C and 60 grams of ivater at 0°C 8 giams of steam 

at 100°C' are passed into the mixture Find the finaf 
pemperature, being giveu that the latent lieat of steam 
= 534, and the latent heat of ice = 80°. ( Ans 44° C )' 
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- QUESTIONS ON CHAPTER III. 

(Selected from Allahabad Unnejsify Muiundaiion 

Papeis ) 

1 Describe the construction of a thermometer. 
(1914 ) 

2 Given an unofraduated thermometer, how 
would you graduate it ( 1911 ) 

3. What are the fixed points of a thermometer ^ 
Describe carefully how they are determined How 
would vou convert a Fahrenheit into a Centigrade 
temperature ^ Find graphically or otherwise the tem- 
perature at which the Falirenheit and the Centigrade 
thermometers give the same reading. ( 1908, 1915 ) 

4 How would you find the error in a thermo- 
meter at the boiling point of water ^ ( 1910 ) 

5 What is meant by coefficient of expansion ? 

A copper wire is found to be 0'034 cms longer at 
25°6'. than at b°C. Calculate accurately what its 
length would be at 0°C , coefficient of expansion of 
copper = '000017. ( 1909 ) 

6 Describe accurately a calorimeter. Explain 
why the different parts are so constructed. ( 1912 ) 

C 7 What doe^ ‘the water equivalent of a caloii- 
meter mean ^ How would you find it for a given 
calorimeter? (1910) 

8 Explain what is meant by the specific heat 
of a substance How would j'ou measure the specific 
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heat of copper ^ (1911) How would you find the 

specific heat of lead ^ ( 1914 ) 

9 Explain quite clearly what you mean hy 
latent heat How would you determine the latent 

heat of evaporation of water ^ { 1915 ) 

/ 

10. If we pass steam at 100° into a kilogram 
of water at O'" until the temperature is rawed to 100°, 
it IS found that weight of the water is 1 187 kilos. 
Explain the meaning of this and show how the 
latent lieat of steam can be calculated ( 1912 ) 

11 How many units of heat would it take to 
raise the temperature of 50 grams of ice at - 10°C. 
and convert it into ‘'team at 100°(7, the specific 
heat of ice is 5 , and the latent heats of water and 
steam are 80 and 540 respectively. ( 1913 ) 

12 Explain how you would determine the melt- 
ing point of a given solid, klake a neat diagram of 
the apparatus employed ( 1913 ) 

13 Describe an experiment showing that the 
boiling point of water depends upon pressure. ( 1913 ) 

14 What precautions have to l>e taken in deter- 
mining the boiling point of a liquid Explain care- 
fulty liow you would determine tlie boiling point of a 
given liquid Give a neat diagram of the apparatus 
you would use ( 1999, 1910 ) 




